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Cyclobutane derivatives as Inhibitors of squalene synthetase and protein
farnesyl transferase

10

Technical Field

The present invention relates to new cyclobutane dicarboxylic

acid compounds which are useful in inhibiting de novo squalene

production or inhibiting protein farnesyltransferase and the farnesylation

15 of the oncogene protein Ras or inhibiting fungal growth and to

chemotherapeutic, antifungal, hypolipidaemic and antiatherosclerotic

compositions containing such compounds and to a method of using

such compounds for inhibiting cholesterol biosynthesis and

atherosclerosis, for inhibiting protein farnesyl-transferase and the

20 farnesylation of the oncogene protein Ras and as antifungals.

Background of the Invention

Squalene synthetase is a microsomal enzyme which catalyzes

the reductive dimerization of two molcules of farnesyl pyrophosphate

25 (FPP) in the presence of nicotinamide adenine dinucleotide phosphate,

reduced form, (NADPH) to form squalene (Poulter, C. D., Rilling, H. C. in

"Biosynthesis of Isoprenoid Compounds", Vol. I, Chapter 8, pp. 413-441.

J. Wiley and Sons. 1981 and references therein). This enzyme is the

first committed step of the de novo chlolesterol biosynthetic pathway.

30 Thus Inhibition of squalene synthetase will lead to inhibition of

cholesterol biosynthesis and thus will act as a hypocholesterolemic.

Thus squalene synthetase inhibitors ultimately should be useful for the

treatment and prevention of hyperlipidaemia or atherosclerosis or other

disorders resulting from an excess of cholesterol.
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Transformed protein Ras is involved in the proliferation of cancer

cells. The Ras must be farnesylated before this proliferation can occur.

Farnesylation of Ras by farnesyl pyrophosphate (FPP) is effected by

protein farnesyltransferase. Inhibition of protein farnesyltransferase and,

5 thereby, of farnesylation of the Ras protein, blocks the ability of

transformed cells to proliferate.

Activation of Ras also partially mediates smooth muscle cell

proliferation (Circulation. 1-3: 88 (1993). Inhibition of protein

farnesyltransferase and. thereby, of farnesylation of the Ras protein,

10 would aid in the prevention of restenosis.

Inhibition of squalene synthetase also results in the inhibition of

fungal growth.

PisciQSure of th? invention

15 In accordance with the present invention there are provided substituted

cyclobutanes of formula (I):

(I)

20

wherein

and A2 are independently selected from

30

25

(1) -X-C(0)-G or -X-C(S)-G wherein at each occurrence X is

independently selected from (a) a covalent bond, (b) -CHg-.

(c) -0-, (d) -S- and (e) -N(Ra)- wherein R^ is hydrogen,

loweralkyi, cycloalkyi or cycloalkylaikyi and at each occurrence

G is independently selected from -R2, -N(R^)(R2), -ORg and -SRg

wherein at each occurrence R^ is independently selected from

(a) hydrogen, (b) loweralkyi, (c) alkenyl, (d) alkynyl,

(e) cycloalkyi. (f) cycloalkylaikyi, (g) alkoxycarbonylalkyl.
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(h) alkoxyalkyi, (i) thioalkoxyalkyi, Q) haloalkyi, (k) aryl,

^
(I) heterocyclic, (m) arylalkyi, (n) aryl-substituted cycloalkylakyi,

(o) (heterocyclic)alkyl, (p) heterocyclic-substituted cycloalkylalkyi

^
and (q) aryl, heterocyclic, arylalkyi, aryl-substituted

5 cycloalkylalkyi, (heterocyclic)alkyl or heterocyclic-substituted

cycloalkylalkyi wherein the aryl group, the aryl part of the

arylalkyi group, the aryl part of the aryl-substituted

cycloalkylalkyi, the heterocyclic group, the heterocyclic part of

the (heterocyclic)alkyl group or the heterocyclic part of the

10 heterocyclic-substituted cycloalkylalkyi group is substituted

with -Y-R3 wherein at each occurrence Y is independently

selected from (!) a covalent bond, (ii) -C(0)-, (iii) -CHg-, (iv) -0-,

(v) -S(0)^- wherein m is 0, 1 or 2, (vi) -NCR^)- wherein is

hydrogen or loweralkyi, (vii) -CHgO-, (viii) -CHgSCO)^^- wherein

15 m is 0, 1 or 2, and (ix) -CHgNCRj,)- wherein R^, is hydrogen or

loweralkyi and at each occurrence R3 is independently selected

from (i) aryl, (Ii) arylalkyi, (iii) cycloalkyi, (iv) cycloalkylalkyi,

(v) heterocyclic and (vi) (heterocyc!ic)alkyl and at each

occurrence Rg is independently selected from

20 (i) alkenyl, (ii) alkynyl, (iii) aryl, (iv) arylalkyi. (v) arylalkenyl,

(vi) heterocyclic, (vii) (heterocyclic)alkyl and (vi) aryl,

heterocyclic, arylalkyi or (heterocyclic)alkyl wherein the aryl

group, the aryl part of the arylalkyi group, the heterocyclic group

or the heterocyclic part of the (heterocyclic)alkyl group is

25 substituted with -Z-R4 wherein at each occurrence Z is

independently selected from (i) a covalent bond, (ii) -C(0)-,

(iii) -CH2-, (iv) -0-, (V) -S(0)p- wherein p is 0, 1 or 2. (vi) -N(Rc)-

wherein R^ is hydrogen or loweralkyi. (vii) -CHgO-,

(viii) -CH2S(0)p- wherein p is 0,1 or 2 and (ix) -CH2N(Rg)-

30 wherein R^ is hydrogen or loweralkyi and at each occurrence

* R4 is independently selected from (i) aryl, (ii) arylalkyi.

(iii) cycloalkyi, (iv) cycloalkylalkyi. (v) heterocyclic and

(vi) (heterocyclic)alkyl and
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(2) -(CH2)q-N(Ri(R2) wherein q is 0. 1 or 2 and at each occurrence

and R2 are independently defined as above; and

and B2 are independently selected from

(1) -CH20H,

(2) -CH=NOH.

(3) -W-R5 wherein at each occurrence W is independently

selected from (a) a covalent bond, (b) alkylene,

(c) alkenylene. (d) -C(0)NH- and (e) -NHC(0)NH- and
R5 is independently selected from

(a) 5-tetrazolyl,

(c) wherein R27 is -CN, -NO2, or

-CO2R28 wherein R28 is hydrogen, aryl or

loweralkyi,

wherein at each occurrence R29

is selected from hydrogen and loweralkyi.

(e)
o

wherein R29 is as defined above,
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(0 wherein at each occurrence

R31 is selected from hydrogen, loweralkyi,

alkenyl, alkoxyalkyi and benzyl,

o

A.
I NH

o
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(4) -Q-C(0)R6 wherein at each occurrence Q is Independently

selected from (a) a covalent bond, (b) alkyiene,

(c) alkenyiene, (d) -CH{OH)- and (e) -NHC(0)(CH2V
whereln r is 0 to 4 and at each occurrence Rg is

independently selected from (a) -OR7 wherein R7 is

hydrogen or a carboxy-protecting group, (b) -NH2,

(c) -NHOH. (d) -NHSO2CF3 (e) an alpha-amIno acid or

a beta-amino acid which is bonded via the alpha- or beta-

amlno group and (f) a di-, tri- or tetra-peptlde which is

bonded via the amino terminal amino group,

(5) -CH2-N(OH)-C(0)-R25 wherein R25 Is hydrogen, methyl or

trifluoromethyl, and

(6) -C(0)-NH-S(0)2-R26 wherein R26 is aryl, heterocyclic,

arylalkyi, (heterocyclic)alkyl. Ca-Cy-cycloalkyI,

Ci-Cs-alkyI or perfluoro-Ci-C4-alkyl,

or a pharmaceutically acceptable salt thereof.

Preferred compounds of the Invention are compounds of formula (II):
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wherein A^, A2. and B2 are defined as above;

or a pharmaceuticaliy acceptable salt thereof.

Preferred compounds of the Invention are compounds of formula (I) or

5 (II) wherein and A2 are independently selected from *C(0)-G wherein G is

defined as above and and B2 are independently selected from (a) -W-R5

wherein W is a covalent bond or alkylene and R5 is 5-tetrazolyl and

(b) -Q-C(0)-R5 wherein at each occurrence Q is independently selected from

a covalent bond and alkylene and at each occurrence Rg is independently

0 selected from (1) -OBj wherein R7 is hydrogen or a carboxy-protecting group,

(2) an alpha-amino acid or a beta-amino acid which is bonded via the alpha-

or beta-amino group and (3) a di-, tri- or tetra-peptide which is bonded via the

amino terminal amino group.

5 More preferred compounds of the invention are compounds of formula

(I) or (II) wherein A^ and A2 are Independently selected from -C(0)-G wherein

G is -N(Ri)(R2) wherein Ri and R2 are as defined above and B., and B2 are

independently selected from (a) -W-R5 wherein W is a covalent bond or

alkylene and R5 is S-tetrazolyl and (b) -Q-C(0)-Re wherein at each

0 occurrence Q is independently selected from a covalent bond and alkylene

and at each occurrence R5 is independently selected from (1) -OR7 wherein

R7 is hydrogen or a carboxy-protecting group, (2) an alpha-amino acid or a

beta-amino acid which is bonded via the alpha- or beta-amino group and

(3) a di-, tri- or tetra-peptide which is bonded via the amino terminal amino

5 group.

Even more preferred compounds of the invention are compounds of

formula (I) or (II) wherein A^ and A2 are independently selected from -C(0)-G

wherein G is -N(R^)(R2) wherein at each occurrence R^ is independently

0 selected from (a) hydrogen, (b) ioweralkyi, (c) cycloalkyi, (d) cycloalkylalkyi,

(e) alkoxyalkyl. (f) thioalkoxyalkyi, (g) aryl, (h) heterocyclic, (i) arylalkyi,

G) (heterocyclic)alkyl, (k) aryl-substituted cycloalkylalkyi. (I) heterocyclic-

substituted cycloalkylalkyi and (m) aryl, heterocyclic, arylalkyl.
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(heterocyclic)alkyl, aryl-substituted cycloalkylalkyi or heterocyclic-substltuted

cycloalkylalkyi wherein the aryl group, the aryl part of the arylalkyi group, the

aryl part of aryl-substituted cycloalkylalkyi, theheterocyclic group, the

heterocyclic part of the (heterocyclic)alkyl group or the heterocyclic part of

5 heterocyclic-substituted cycloalkylalkyi group is substituted with -Y-R,

wherein at each occurrence Y is independently selected from (i) -0-,

(") -S(0)„- wherein m Is 0. 1 or 2 and (iil) -N(Rb)- wherein Rj, is hydrogen or

loweralkyi and at each occurrence R3 is independently selected from (i) aryl.

(ii) arylalkyi, (iii) cycloalkyi, (iv) cycloalkylalkyi, (v) heterocyclfc and
10 (vi) (heterocyclic)alkyl and at each occurrence Rg is independently selected

from aryl, heterocyclic, arylalkyi and (heterocyclic)alkyl wherein the aryl

group, aryl part of the arylalkyi group, heterocyclic group or heterocyclic part
of the (heterocyclic)alkyl group is substituted with -Z-R4 wherein at each
occurrence Z Is independently selected from (i) -0-, (ii) -S(0)p- wherein p is

15 0. 1 or 2 and (iii) -N(Rg)- wherein R^ is hydrogen or loweralkyi and at each
occurrence R4 is Independently selected from (i) aryl, (ii) arylalkyi,

(iil) cycloalkyi, (iv) cycloalkylalkyi, (v) heterocyclic and (vi) (heterocyclic)alkyl
and and Bg are independently selected from (a) -W-R5 wherein W Is a
covalent bond or alkylene and R5 is 5-tetrazolyl and (b) -Q-C(0)-Rg wherein

20 at each occurrence Q is independently selected from a covalent bond and
alkylene and at each occurrence Rg is independently selected from (1) -OR7
wherein Rj is hydrogen or a carboxy-protecting group. (2) an alpha-amino

acid or a beta-amino acid which is bonded via the alpha- or beta-amino

group and (3) a di-. tri- or tetra-peptide which is bonded via the amino
25 terminal amino group.

Yet even more preferred compounds of the invention are compounds
of formula (I) or (II) wherein and are independently selected from

-C(0)-G wherein G is -N(R^)(R2) wherein at each occurrence R^ is

30 independently selected from (a) loweralkyi, (b) cycloalkyi and
(c) cycloalkylalkyi and at each occurrence Rg is independently selected from

aryl and arylalkyi wherein the aryl group or aryl part of the arylalkyi group is

substituted with -Z-R4 wherein at each occurrence Z is independently
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selected from (i) -O- and (ii) -S- and at each occurrence R4 is independently

selected from (i) aryl, (ii) arylalkyi, (Hi) cycloalkyi, (iv) cycloalkylalkyi,

(v) heterocyclic and (vi) (heterocyclic)alkyl and and are independently

selected from -Q-C(0)-Re and -W-R5 wherein at each occurrence Q and W
5 are independently selected from a covalent bond and alkylene, R5 is -OR7

wherein R7 is hydrogen or a carboxy-protecting group and R5 is S-tetrazolyl.

Most preferred compounds of the invention are compounds of fomiula

(I) or (II) wherein and A2 are independently selected from •C(0)-G wherein

10 G is -N(R<|)(R2) wherein at each occurrence R^ is independently selected

from (a) loweralkyi, (b) cycloalkyi and (c) cycloalkylalkyi and at each

occurrence R2 is independently selected from phenyl and benzyl wherein

the phenyl group or the phenyl ring of the benzyl group is substituted with

-Z-R4 wherein at each occurrence Z is independently selected from (i) -O-

15 and (ii) -S- and at each occurrence R4 is independently selected from (i) aryl,

(ii) arylalkyi, (iii) heterocyclic and (iv) (heterocyclic)alkyl and B^ and B2 are

independently selected from -Q-C(0)-Rg and -W-R5 wherein at each

occurrence Q and W are independently selected from a covalent bond and
alkylene, R5 is -OR7 wherein R7 is hydrogen or a carboxy-protecting group

20 and Rs Is 5-tetrazolyL

Most highly preferred compounds of the invention are compounds of

formula (I) or (II) wherein and Ag are independently selected from -C(0)-G

wherein G is -N(R^)(R2) wherein at each occurrence R^ is independently

25 selected from (a) loweralkyi. (b) cycloalkyi and (c) cycloalkylalkyi and R2 is

benzyl wherein the phenyl ring of the benzyl group is substituted with -Z-R4

wherein at each occurrence Z is independently selected from (i) -O- and

(ii) -S- and R4 is aryl and B^ and B2 are independently selected from

-Q-C(0)-R5 and -W-R5 wherein at each occurrence Q and W are

30 independently selected from a covalent bond and alkylene, R5 is -OR7

wherein R7 is hydrogen or a carboxy-protecting group and R5 is 5-tetrazolyl.
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Other most highly preferred compounds of the invention are
compounds of formula (I) or (II) wherein and Ag are independently

selected from -C(0)-G wherein G is -N(Ri)(R2) wherein at each occun-ence

is (a) loweralkyi, (b) cycloalkyi and (c) cycloalkylalkyi and Rg is benzyl

5 wherein the phenyl ring of the benzyl group is substituted with -Z-R4 wherein

at each occurrence 2 is independently selected from (i) -O- and (ii) -S- and
R4 is heterocyclic and and B2 are independently selected from -Q-C(0)-Re

and -W-R5 wherein at each occurrence Q and W are independently selected
from a covalent bond and alkylene, Rq Is -OR7 wherein R7 is hydrogen or a

10 carboxy-protecting group and R5 is 5-tetrazoly!.

Another aspect of this invention relates to the use of compounds
of the formula:

B, .Bo

15

(III) (IV)

wherein

A^ and A2 are independently selected from

20 -X-C(0)-G or -X-C(S)-G wherein at each occurrence X is

independently selected from (a) a covalent bond, (b) -CHg-.

(c) -0-. (d) -S- and (e) -N(Ra)- wherein R3 is hydrogen,

loweralkyi, cycloalkyi or cycloalkylalkyi and at each occurrence
G is independently selected from -R2, -N(Ri)(R2), -ORg and -SR2

25 wherein at each occurrence R^ is independently selected from

(a) hydrogen, (b) loweralkyi, (c) alkenyl, (d) alkynyl,

(e) cycloalkyi, (f) cycloalkylalkyi, (g) alkoxycarbonylalkyi,

(h) alkoxyalkyi, (i) thioalkoxyalkyi,
(j) haloalkyi, (k) aryl.

(I) heterocyclic, (m) arylalkyi, (n) aryl-substituted cycloalkylakyi,

30 (0) (heterocyclic)alkyl, (p) heterocyclic-substituted cycloalkylalkyi
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and (q) aryl, heterocyclic, arylalkyi, aryl-substituted

cycloalkylalkyi, (heterocyclic)alkyl or heterocyclic-substituted

cycloalkylalkyi wherein the aryl group, the aryl part of the

arylalkyi group, the aryl part of the aryl-substituted

cycloalkylalkyi. the heterocyclic group, the heterocyclic part of

the (heterocyclic)alkyl group or the heterocyclic part of the

heterocyclic-substituted cycloalkylalkyi group Is substituted

with -Y-R3 wherein at each occurrence Y is independently

selected from (i) a covalent bond, (ii) -C(0)-, (iii) -CHg-, (iv) -O-.

(v) -S(0)^- wherein m is 0, 1 or 2, (vi) -ti{RQ- wherein is

hydrogen or loweralkyl, (vii) -CHgO-, (viii) -CHgSCO),^- wherein

m is 0, 1 or 2, and (ix) -CHgNCR^^)- wherein R^, is hydrogen or

loweralkyl and at each occurrence R3 is independently selected

from (i) aryl. (ii) arylalkyi, (iii) cycloalkyi, (iv) cycloalkylalkyi,

(v) heterocyclic and (vi) (heterocyclic)alkyl and at each

occurrence R2 is independently selected from

(i) alkenyl, (ii) alkynyl, (iii) aryl, (iv) arylalkyi, (v) arylalkenyl,

(vi) heterocyclic, (vii) (heterocyclic)alkyl and (vi) aryl,

heterocyclic, arylalkyi or (heterocyclic)alkyl wherein the aryl

group, the aryl part of the arylalkyi group, the heterocyclic group

or the heterocyclic part of the (heterocyclic)alkyl group is

substituted with -Z-R4 wherein at each occurrence Z is

independently selected from (i) a covalent bond, (ii) -C(0)-,

(iii) -CH2-. (iv) -0-. (v) -S(0)p- wherein p is 0.1 or 2, (vi) -N(Rc)-

wherein R^ is hydrogen or loweralkyl, (vii) -CH2O-,

(viii) -CH2S(0)p- wherein p is 0, 1 or 2 and (ix) -CH2N(Rc)-

wherein R^ is hydrogen or loweralkyl and at each occurrence

R4 is independently selected from (i) aryl, (ii) arylalkyi,

(iii) cycloalkyi, (iv) cycloalkylalkyi, (v) heterocyclic and

(vi) (heterocyclic)alky; and

and B2 are independently selected from

(1) -CH20H,

(2) -CH=NOH.
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(3) -W-Rg wherein at each occurrence W is independently

selected from (a) a covalent bond, (b) alkylene,

(c) alkenylene, (d) -C(0)NH- and (e) -NHC(0)NH- and
R5 is independently selected from

(a) 5-tetrazolyl,

(b)
^ H

I
NH

(c) Wherein R27 Is -CN, -NO2. or

-CO2R28 wherein R28 is hydrogen, aryl or

loweralkyi,

R29
^

.-pi.

NH

R29^

I NH

(d) wherein at each occurrence R29

is selected from hydrogen and loweralkyi,

^29 ff^ O

I r

(e) ° wherein R29 is as defined above,
R31 o

W ^ wherein at each occurrence

R31 is selected from hydrogen, loweralkyi,

alkenyl, alkoxyalkyi and benzyl,
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(4) -Q-C(0)R6 wherein at each occurrence Q is Independently

selected from (a) a covalent bond, (b) alkylene,

(0) alkenylene, (d) -CH(OH)- and (e) -NHC(0)(CH2)r-

wherein r is 0 to 4 and at each occurrence Rq is

5 independently selected from (a) -OR7 wherein Rj is

hydrogen or a carboxy-protecting group, (b) -NHg.

(c) -NHOH. (d) -NHSO2CF3 (e) an alpha-amino acid or

a beta-amino acid which is bonded via the alpha- or beta-

amino group and (f) a di-, tri- or tetra-peptlde which is

10 bonded via the amino terminal amino group,

(5) -CH2-N(OH)-C(0)-R25 wherein R25 is hydrogen, methyl or

trifiuoromethyl, and

(6) -C(0)-NH-S(0)2-R26 wherein R26 is aryl, heterocyclic,

arylalkyi, (heterocyclic)alkyl, C3-C7-cycloalkyl,

15 Ci-C8-alkyl or perfluoro-Ci-C4-alkyl,

or a pharmaceuticaily acceptable salt thereof;

as Inhibitors of protein farnesyltransferase.

Preferred Inhibitors of protein farnesyltransferase are compounds of

fonnula (III) or (IV) wherein

Ai and A2 are independently -C(0)-NRi R2

wherein at each occurrence R^ is independently selected from

(k) aryl, (1) heterocyclic, (m) arylalkyi, (n) aryl-substituted

cycloalkylakyi, (o) (heterocyclic)alkyl, (p) heterocyclic-substituted

cycloalkylalkyi and (q) aryl, heterocyclic, arylalkyi,

aryl-substituted cycloalkylalkyi, (heterocyclic)alkyl or

heterocyclic-substituted cycloalkylalkyi wherein the aryl group,

the aryl part of the arylalkyi group, the aryl part of the

aryl-substituted cycloalkylalkyi, the heterocyclic group, the

heterocyclic part of the (heterocyclic)alkyl group or the

heterocyclic part of the heterocyclic-substituted cycloalkylalkyi

group is substituted with -Y-R^ wherein at each occurrence Y is

independently selected from (i) a covalent bond, (ii) -C(0)-,

20

25

30
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(iii) -CH2-. (iv) -0-, (V) -S(0)^- wherein m is 0, 1 or 2, (vl) -N(Rb)-

wherein R5 is hydrogen or loweralkyl. (vii) -CH2O-,

(viii) -CH2S(0)f^- wherein m is 0, 1 or 2. and (ix) -CHgNCRb)-

wherein is hydrogen or loweralkyi and at each occurrence

5 R3 is Independently selected from (i) aryl. (11) arylalkyi,

(iii) cycloalkyi, (iv) cycloall<yla!kyl. (v) heterocyclic and

(vi) (heterocyclic)alkyl. and at each occurrence

R2 is independently selected from arylalkyi and

(heterocyclic)alkyl; and

10 and are independently selected from

(1) -W-R5 wherein at each occurrence W is independently

selected from (a) a covalent bond, (b) alkylene,

(c) alkenylene, (d) -C(0)NH. and (e) -NHC(0)NH- and

R5 is 5-tetrazolyl,

15 (2) -Q-C(0)R6 wherein at each occurrence Q is independently

selected from (a) a covalent bond, (b) alkylene,

(c) alkenylene. (d) -CH(OH)- and (e) -NHC(0)(CH2)r-

wherein r is 0 to 4 and at each occurrence Rg Is

independently selected from (a) -OR7 wherein Ry is

20 hydrogen or a carboxy-protecting group, (b) -NHg,

(c) -NHOH. (d) -NHSO2CF3 (e) an alpha-am ino acid or

a beta-amino acid which is bonded via the alpha- or beta-

amino group and (f) a di-, tri- or tetra-peptide which is

bonded via the amino terminal amino group, and

25 (3) -C(0)-NH-S(0)2-R26 wherein R26 is aryl, heterocyclic,

arylalkyi, (heterocyclic)alkyl, Ca-Cy-cycloalkyl,

Ci-Ca-alkyI or perfluoro-Ci-C4-alkyl,

or a pharmaceutically acceptable salt thereof.

30
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The present invention also relates to processes for preparing the

compounds of formula (I). (II), (III) or (IV) and to the synthetic

intermediates useful in such processes.

In a further aspect of the present invention are disclosed

5 pharmaceutical compositions which comprise a compound of the

present invention in combination with a pharmaceutically acceptable

carrier.

In yet another aspect of the present invention are disclosed

pharmaceutical compositions which comprise a compound of the

10 present invention in combination with another antihyperlipoprotelnemic

agent and/or with one or more other serum cholesterol lowering agents

or HMG CoA reductase inhibitors and a pharmaceutically acceptable

carrier.

In yet another aspect of the present invention are disclosed

15 pharmaceutical compositions which comprise a compound of the

present invention In combination with another chemotherapeutic agent

and a pharmaceutically acceptable carrier.

In yet another aspect of the present invention is disclosed a

method of inhibiting squalene synthase In a human or lower mammal.
20 comprising administering to the patient a therapeutically effective

amount of a compound of the invention.

In yet another aspect of the present invention is disclosed a

method of inhibiting or treating atherosclerosis or Inhibiting or treating

hyperiipidemia which would inhibit the development of atherosclerosis

25 in a human or lower mammal, comprising administering to the patient a

therapeutically effective amount of a compound of the Invention alone or

in combination with another cardiovascular agent.

In yet another aspect of the present invention is disclosed a

method of Inhibiting protein farnesyltransferase In a human or lower

30 mammal, comprising administering to the patient a therapeutically

effective amount of a compound of the invention.

In yet another aspect of the present invention is disclosed a

method of treating cancer in a human or lower mammal, comprising
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administering to the patient a tlierapeutically effective amount of a

compound of the invention alone or in combination with another

chemotherapeutic agent

Also disclosed Is a method of treating fungal infections In a

5 human or lower mammal, comprising administering to the patient a

therapeutically effective amount of a compound of the invention.

The compounds of the invention comprise asymmetrically

substituted carbon atoms. As a result, all stereoisomers of the

0 compounds of the invention are meant to be included in the invention,

including racemic mixtures, mixtures of diastereomers, as well as single

diastereomers of the compounds of the invention. The terms "S" and "R"

configuration, as used herein, are as defined by the lUPAC 1974

Recommendations for Section E, Fundamental Stereochemistry, Pure

5 Appl. Chem. (1976) 45, 13-30.

The terms a and p are employed to describe relative orientation

for ring substituents on cyclic compounds, i.e., substituted cyclobutanes

in the present invention. The a-side of the reference plane (the plane

formed by the cyclobutane ring) is that side on which the highest ranking

0 substituent (according to the Cahn-lngold-Prelog Sequence Rule) lies at

the lowest-numbered stereogenic carbon atom. All substituents lying on

the same side of the reference plane as the highest-ranking substituent

are assigned an a descriptor. Those substituents lying on the opposite

side of the reference plane are assigned a 0 descriptor. It should be

5 noted that this usage does not describe absolute configuration. The

terms a and p configuration, as used herein, are as defined by the

Chemical Abstracts Index Guide-Appendix IV (1987) TI 203.

The term "a-amino acid" or "alpha-amino acid" refers to an a-

D amino acid selected from the group consisting of alanine, arginine,

asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine,

histidine, isoleucine. leucine, lysine, methionine, norieucine, ornithine,

phenylalanine, proline, sarcosine, serine, threonine, tryptophan, tyrosine
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and valine. The stereochemistry at the asymmetric center can be of the

D- or L- configuration.

The term "P-amino acid" or "beta-amino acid" refers to an amino

acid wherein the amino group is p to the carboxylic acid functionality.

5 Examples of p-amino acids include p-alanine, p-phenylalanine and the

like.

The term "dipeptide" as used herein refers to AA1-AA2 wherein

AAi and AA2 are independently selected from a- and p-amino acids as

described above coupled together by an amide bond (-C(O)-NH-)

10 between the carboxy terminus of AAi and the amino terminus of AA2.

Examples of dipeptides include H-GIycyl-Alanine-OH,

H-Glycyl-p-Alanine-OH. H-Leucyl-Glycine-OH and the like.

The term "tripeptide" as used herein refers to AA1-AA2-AA3

wherein AAi, AA2 and AA3 are independently selected from a- and

IS p-amino acids as described above coupled together by amide bonds

(-C(O)-NH-) between the carboxy terminus of AAi and the amino

terminus of AA2 and the carboxy temiinus of AA2 and the amino

tennlnus of AA3- Examples of tripeptides include H-Glycyl-Alanyl-

Leucine-OH,

20 H-Glycyl-p-Alanyl-Sarcosine-OH. H-Leucyl-Glycyl-Alanine-OH and the

like.

The term "tetrapeptide" as used herein refers to

AA1-AA2-AA3-AA4 wherein AAi, AA2, AA3 and AA4 are independently

selected from a- and p-amino acids as described above coupled

25 together by amide bonds (-C(O)-NH-) between the carboxy terminus of

AAi and the amino terminus of AA2, the carboxy terminus of AA2 and the

amino temninus of AA3, and the carboxy terminus of AA3 and the amino

terminus of AA4.

The term "carboxy protecting group" as used herein refers to a

30 carboxylic acid protecting ester group employed to block or protect the

carboxylic acid functionality while the reactions involving other

functional sites of the compound are carried out. Carboxy-protecting

groups are disclosed in Greene, "Protective Groups in Organic
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Synthesis" pp. 152-186 (1981), which is hereby incorporated herein by

reference. In addition, a carboxy-protecting group can be used as a

prodrug whereby the carboxy-protecting group can be readily cleaved in

vivo , for example by enzymatic hydrolysis, to release the biologically

5 active parent. T, Higuchi and V. Stella provide a thorough discussion of

the prodrug concept in "Pro-drugs as Novel Delivery Systems", Vol 14 of

the A.C.S. Symposium Series, American Chemical Society (1975),

which Is hereby incorporated herein by reference. Such carboxy-

protecting groups are well known to those skilled in the art, having been

10 extensively used In the protection of carboxyl groups in the penicillin

and cephalosporin fields, as described in U.S. Pat. No. 3,840,556 and

3,719,667, the disclosures of which are hereby incorporated herein by

reference. Examples of esters useful as prodrugs for compounds

containing carboxyl groups can be found on pages 14-21 of

15 "Bioreversible Carriers in Drug Design: Theory and Application", edited

by E.B. Roche, Pergamon Press, New York (1987), which is hereby

incorporated herein by reference. Representative carboxy-protecting

groups are Ci to Cs loweralkyi (e.g., methyl, ethyl or tertiary butyl and

the like); benzyl and substituted derivatives thereof such as

20 alkoxybenzyl or nitrobenzyl groups and the like; dialkylaminoalkyi (e.g.,

dimethylaminoethyl and the like); alkanoyloxyalkyi groups such as

pivaloyloxymethyl or propionyloxymethyl and the like; aroyloxyalkyi,

such as benzoyloxyethyl and the like; alkoxycarbonylalkyi, such as

methoxycarbonylmethyl, cyclohexyloxycarbonylmethyl and the like;

25 alkoxycarbonyioxyalkyl. such as t-butyloxycarbonyloxymethyl and the

like; alkoxycarbonylaminoalkyi, such as t-butyloxycarbonylaminomethyl

and the like; alkylaminocarbonylaminoalkyi, such as

methylaminocarbonylaminomethyl and the like; alkanoylaminoalkyi,

such as acetylaminomethyl and the like; heterocycliccarbonyloxyalkyi,

30 such as 4-methylpiperazlnylcarbonyloxymethyl and the like;

dialkylaminocarbonylalkyi, such as dimethylaminocarbonylmethyl and

the like; (5-(loweralkyl)-2-oxo-1,3-dioxolen-4-yl)alkyl, such as (5-t-butyl-

2-0X0-1 i3-dloxolen-4-yl)methyl and the like; and (5-phenyl-2-oxo-1,3-
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dioxolen-4-yl)alkyl, such as (5-phenyl-2-oxo-1.3-dioxolen-4-yl)methyl

and the like.

The term "N-protecting group" or "N-protected" as used herein refers to

those groups intended to protect the N-terminus of an amino acid or peptide
or to protect an amino group against undersirable reactions during synthetic

procedures. Commonly used N-protectIng groups are disclosed in Greene,
"Protective Groups In Organic Synthesis." (John Wiley & Sons, New York

(1981)), which is hereby incorporated by reference. N-protecting groups
comprise acyl groups such as formyl, acetyl, propionyl, pivaloyi,

t-butylacetyl, 2-chloroacetyI. 2-bromoacetyl. trifluoroacetyl. trichloroacetyl,

phthalyl, o-nltrophenoxyacetyl. a-chlorobutyryl, benzoyl, 4-chloroben2oyl,

4-bromoben2oyl, 4-nitroben2oyl, and the like; sulfonyl groups such as
benzenesulfonyl, p-toluenesulfonyl and the like; carbamate forming groups
such as benzyloxycarbonyl, p-chlorobenzyloxycarbonyl,

p-methoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl,

2-nitroben2yloxycarbonyl, p-bromobenzyloxycarbonyl,

3.4-dimethoxybenzyloxycarbonyi, 3,5-dimethoxybenzyloxycarbonyl,

2,4-dimethoxybenzyloxycarbonyi, 4-methoxybenzyioxycarbonyl,

2-nltro-4.5-dimethoxybenzyloxycarbonyl, 3,4,5-trimethoxybenzyloxycarbonyl,

1-(p-biphenylyl)-1-methylethoxycarbonyl,

a,a-dimethyl-3,5-dimethoxyben2yloxycarbonyl, benzhydryloxycarbonyl,

t-butyloxycarbonyl, diisopropylmethoxycarbonyl, isopropyloxycarbonyl,

ethoxycarbonyl, methoxycarbonyl, allyioxycarbonyl,

2,2,2,-trichloroethoxycarbonyl, phenoxycarbonyl,

4-nitrophenoxycarbonyl. fluorenyi-Q-methoxycarbonyl,

cyclopentyloxycarbonyl, adamantyloxycarbonyl, cyclohexyloxycarbonyl.

phenylthiocarbonyl and the like; alkyi groups such as benzyl,

triphenylmethyl, benzyioxymethyi and the like; and siiyi groups such as
trimethylsilyl and the like. Preferred N-protecting groups are formyl,

acetyl, benzoyl, pivaloyi, t-butylacetyl, phenylsulfonyl, ben2yl,

t-butyloxycarbony! (Boc) and ben2yloxycarbonyl (Cb2).
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The term "loweralkyl" as used herein refers to branched or

straight chain alkyi groups comprising one to ten carbon atoms,

including methyl, ethyl, propyl, isopropyl, n-butyl, t-butyl, neopentyl and

the like.

5 The term "alkoxy" as used herein refers to RO- wherein R is

loweralkyl as defined above. Representative examples of alkoxy

groups include methoxy, ethoxy, t-butoxy and the like.
*

The term "alkoxyalkoxy" as used herein refers to ReoO-RsiO-

wherein Rao is loweralkyl as defined above and Rei is an alkylene

10 group. Representative examples of alkoxyalkoxy groups include

methoxymethoxy, ethoxymethoxy, t-butoxymethoxy and the like.

The term "alkoxyalkyi" as used herein refers to an alkoxy group

as previously defined appended to an alky! group as previously defined.

Examples of alkoxyalkyi include, but are not limited to, methoxymethyl,

15 methoxyethyl. isopropoxymethyl and the like.

The term "alkoxycarbonyl" as used herein refers to an alkoxy

group as previously defined appended to the parent molecular moiety

through a carbonyl group. Examples of alkoxycarbonyl include

methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl and the like.

20 The terni ""alkoxycarbonylalkyr as used herein refers to an

alkoxylcarbonyl group as previously defined appended to a loweralkyl

group. Examples of alkoxycarbonylalkyl include

methoxycarbonylmethyl, 2-ethoxycarbonylethyl and the like.

The term "alkylene" denotes a divalent group derived from a

25 straight or branched chain saturated hydrocarbon having from 1 to 10

carbon atoms by the removal of two hydrogen atoms, for example

methylene, 1 ,2-ethylene, 1.1 -ethylene, 1,3-propylene. 2.2-

dimethylpropylene, and the like.
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The term "alkenyl" as used herein refers to a branched or straight

hydrocarbon chain comprising two to twenty carbon atoms which also

comprises one or more carbon-carbon double bonds. Representative

alkenyl groups include 2-propenyl (i.e., allyl), 3-methyl-2-butenyl, 3,7-

5 dimethyl-2,6-octadienyl, 4,8-dimethyl-3,7-nonadienyl, 3,7.11-trimethy|.

2,6,10-dodecatrienyl and the like.

The term "alkenylene" denotes a divalent group derived from a

straight or branched chain hydrocarbon containing from 2 to 10 carbon

atoms and also containing at least one carbon-carbon double bond.

10 Examples of alkenylene include -CH=CH-, -CH2CH=CH-,

-C(CH3)=CH-. -CH2CH=CHCH2-, and the like.

The term "alkynyl" as used herein refers to a branched or straight

hydrocarbon chain comprising two to twenty carbon atoms which also

comprises one or more carbon-carbon triple bonds. Representative

15 alkynyl groups include ethynyl, 2-propynyl (propargyl), 1-propynyl and
the like.

The term "amino" as used herein refers to -NH2.

The term "alkylamino" as used herein refers to R51NH- wherein

R51 is a loweralkyi group, for example, methylamino, ethylamino,

20 butylamino, and the like.

The term "dialkylamino" as used herein refers to R56R57N-

wherein R56 and R57 are independently selected from loweralkyi, for

example dimethylamino, diethylamino, methyl propylamine, and the

like.

25 The term "aryl" as used herein refers to a mono- or bicyclic

carbocyclic ring system having one or two aromatic rings including, but not

limited to. phenyl, naphthyl. tetrahydronaphthyl. indanyl. indenyl and the like,

Aryl groups (including bicyclic aryl groups) can be unsubstituted or

substituted with one, two or three substituents independently selected from

30 loweralkyi, haloalkyi, alkoxy, thioalkoxy, amino, alkylamino, dialkylamino,

hydroxy, halo, mercapto, nitro, carboxaldehyde, carboxy. alkoxycarbonyl

and carboxamide. In addition, substituted aryl groups include

tetrafluorophenyl and pentafluorophenyl.
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The term "arylalkyl" as used herein refers to a loweralkyi radical to

which is appended an aryl group. Representative arylalkyl groups

include benzyl, phenylethyl. hydroxybenzyl, fluorobenzyl,

fluorophenylethyl and the like.

5 The term "arylalkenyr as used herein refers to an aryl group as

previously defined appended to an alkenyt group as previously defined.

Examples of arylalkenyl include styryl {i.e., 2-phenylethenyl}, 2-(1*

naphthyOethenyl and the like.

The term "aryl-substituted cycloalkylalkyi" as used herein refers to

10 a cycloalkylalkyi radical in which the alkyi portion of the radical is

substituted with an aryl group. Examples of aryl-substituted

cycloalkylalkyi include a-(cyclopropylmethyl)benzyl,

a-(cyclobutylmethyl)benzyl and the like.

The term "carboxaldehyde" as used herein refers to the group

15 -C(0)H.

The term "carboxamlde" as used herein refers to the group

-C(0)NH2.

The temi "cycloalkyr as used herein refers to an alicyclic group

comprising from 3 to 7 carbon atoms including, but not limited to,

20 cyclopropyl, cyclobutyl, cyclopentyl, cyciohexy! and the like.

The term "cycloalkylalkyi" as used herein refers to a loweralkyi

radical to which is appended a cycloalkyi group. Representative

examples of cycloalkylalkyi include cyclopropylmethyl.

cyclohexylmethyl, 2-(cyclopropyl)ethyl and the like.
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The term "1 ,2,3.4-cyclobutanetetracarboxyIic dianhydride" as

used herein refers to the (1.2/3.4) compound wherein the two anhydride

rings are trans (i.e., on opposite sides of the plane formed by the

cyclobutane ring) to one another. The absolute stereochemistry is as

5 shown.

The temn "halogen" or "halo" as used herein refers to I, Br, CI or F.

The term "haloalkyi" as used herein refers to a lower alkyi radical,

as defined above, bearing at least one halogen substituent, for example,

chloromethyl, fluoroethyl or trifluoromethyl and the like.

10 The term "heterocyclic ring" or "heterocyclic" or "heterocycle" as

used herein refers to any 3- or 4-membered ring containing a

heteroatom selected from oxygen, nitrogen and sulfur; or a 5-, 6- or 7-

membered ring containing one, two or three nitrogen atoms; one oxygen

atom; one sulfur atom; one nitrogen and one sulfur atom; one nitrogen

15 and one oxygen atom; two oxygen atoms in non-adjacent positions; one

oxygen and one sulfur atom in non-adjacent positions; or two sulfur

atoms in non-adjacent positions. The 5-membered ring has 0-2 double

bonds and the 6- and 7-membered rings have 0-3 double bonds. The
nitrogen heteroatoms can be optionally quaternized. The term

20 "heterocyclic" also includes bicyclic groups in which any of the above

heterocyclic rings is fused to a benzene ring or a cyclohexane ring or

another heterocyclic ring (for example, indolyl, quinoiyi, isoquinolyl,

tetrahydroquinolyl, benzofuryl or benzothienyl and the like).

Heterocyclics include: azetidinyl, pyrrolyl, pyrrolinyl, pyrrolidinyl,

25 pyrazolyl, pyrazolinyl, pyrazolidinyl, imidazolyl, imidazolinyl,

imidazolidinyl, pyridyl, piperidinyl, homopiperidinyl, pyrazinyl,

piperazinyl. pyrimidinyl, pyridazinyl, oxazolyl. oxazolidinyl, isoxazolyl,
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isoxazolidinyl, moipholinyl. thiazolyl, thiazolidinyl, isothiazolyl,

isothiazolidinyl. indolyl, quinolinyl, isoquinolinyl, benzimidazolyl.

benzothiazolyl, benzoxazolyl, furyl, thienyl. thiazolidinyl, isothiazolyl,

trlazolyl. tetrazolyl. Isoxazolyl, oxadiazolyl, thiadiazolyl, pyrrolyl,

pyrimidyl and benzothienyl. Heterocyclics also include compounds of

or [-C{R")2-lv where R" is hydrogen or Ci-C4-alkyl and v is 1, 2 or 3

such as 1 ,3-benzodioxolyl, 1,4-benzodioxanyl and the like.

Heterocyclics can be unsubstituted or monosubstituted or

disubstltuted with substituents independently selected from hydroxy,

halo, 0X0 (=0), alkylimino (R*N= wherein R* is a loweralkyi group),

amino, alkylamino, dialkylamino, alkoxy. alkoxyalkoxy, haloalkyl.

cycloalkyl. aryl, arylalkyl. -COOH. -SO3H and loweralkyi. In addition,

nitrogen containing heterocycles can be N-protected.

The temn "(heterocyclic)alkyr as used herein refers to a

heterocyclic group as defined above appended to a loweralkyi radical

as defined above. Examples of heterocyclic alkyi include 2-

pyridylmethyl, 4-pyridylm ethyl, 4-quinolinylmethyl and the like.

The term "heterocyclic-substituted cycloalkylalkyi" as used herein

refers to a cycloalkylalkyi radical in which the alkyI portion of the radical

Is substituted with a heterocyclic group. Examples of heterocyclic-

substituted cycloalkylalkyi Include a-(cyclopropylmethyl)furan-2-

ylmethyl, a-(cyclobutylmethyl)thien-2-ylmethyl and the like.

The terni "mercapto" as used herein refers to the group -SH.

The term "perfluoro-Ci-C4-aIkyl" as used herein refers to an aikyi

radical of 1 to 4 carbon atoms in which all hydrogen atoms have been

replaced with fluorine atoms. Examples of perfluoro-Ci-C4-alkyl include

trifluoromethyl, pentafluoroethyl and the like.

The term "tetrazolyl" or "S-tetrazolyl" as used herein refers to a

radical of the formula

the formula where X* is -CH2- or -O- and Y* Is -C(0)-
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N-N

^ or a tautomer thereof.

The term "thioalkoxy" as used herein refers to R70S- wherein R70

is loweralkyL Examples of thioalkoxy include, but are not limited to,

methylthio, ethylthio and the like.

5 The term "Ihioalkoxyalkyr as used herein refers to a thioalkoxy

group as previously defined appended to a loweralkyi group as

previously defined. Examples of thioalkoxyalkyi include

thiomethoxymethyl, 2-thiomethoxyethyl and the like.

Representative compounds of the invention include:

(1 a,2p,3p,4a)-1 .2-DI[N-methyl-N-(4-phenoxyben2yl)amlno-

carbonyl]cyclobutane-3.4-dicarboxylic acid;

(1a,2p.3p,4a)-1.2-Di[N-methyl-N-(4-ben2yloxybenzyI)amino-

carbonyl]cyclobutane'"3,4-dicarboxylic acid;

(1a,2p,3p.4a)-1.2-Di[N-ben2yl-N-(4-phenoxyben2yl)amino-

carbonyI]cyclobutane-3.4-dicarboxylic acid;

(1a,2p,3p.4a)-1,2-Di[N-ethyl-N-(4-phenoxyben2yi)amino-

carbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3p.4a)-1.2-Di[N-propyl-N-(4-phenoxyben2yI)amino-

carbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3p,4a)-1,2-Di[N-methyl-N-(3-phenoxyben2yl)amino-

carbonyl]cyclobutane-3.4-dicarboxylic acid;

(1a,2p,3p,4a)-1,2-Di[N,N-di(4-phenoxyben2yl)aminocarbonyll-

cyclobutane-3,4-dicarboxylic acid;

{1a,2p.3p,4a)-1,2-Di[N-methyl-N-{4-[4-fluorophenoxy]ben2yl)-'

aminocarbonyl]cyclobutane-3,4-dicarboxyIic acid;

(1a,2p,3p,4a)-1.2-DiIN-methyl-N-(3-[4-fluorophenoxy]ben2yl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3p,4a)-1,2-Di[N-methyl-N-biphenylamino-carbonyi]-

cyclobutane*-2,4-dicarboxylic acid;
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[1 a,2p»3p,4a)-1 ,2-Di[N-isopropyl-N-biphenylamlnocarbonyl]-

cyclobutane-3,4-dicarboxylic acid;

[1a,2p,3p,4a)-1,2-DiIN-isobutyl-N-(4-phenoxyben2yl)amino-

carbonyl]cyclobutane-3.4-dicarboxylic acid;

[1a.2p.3|5,4a)-1.2-DI[N-propyl-N-(4-benzylbenzyl)amino-

carbonyl]cyclobutane*3,4-dicarboxylic acid;

[1a,2p,3p.4a)-1,2-pi[N-butyl-N-(4-phenoxyben2yl)amjno-

carbonyl]cyclobutane-3,4-dicarboxylic acid;

;ia,2p,3p,4a)-1,2-DiIN-propargyl-N-(4-phenoxyben2yl)amino-

carbonyl]cyclobutane-3,4-dicarboxyltc acid;

;ia,2p,3p,4a)-1,2-Di[N-pentyl-N-(4-phenoxyben2yl)amlno-

carbonyl]oyclobutane-3,4-dicarboxylic acid;

[1a,2p,3p,4a)-1,2-DiIN-allyl-N-(4-phenoxyben2yl)amino-

carbonyl]cyclobutane-3,4-dicarboxylic acid;

[1 a,2p,3p,4a)-1 ,2-DiIN-cyclopropyl-N-(4-phenoxybenzyl)amino-

carbonyl]cyclobutane-3,4-dicarboxylic acid;

;1 a,2p,3p.4a)-1 ,2-DIIN-cycloliexylmethyl-N-phenoxyben2yl)-

aminocarbonyl]cyclobutane-3,4- dicarboxylic acid;

[1 a,2p,3p,4a)-1 ,2-DiIN-phenyl-N-phenoxyben2yl)amino-

carbonyl]cycIobutane-3,4-dicarboxylic acid;

;ia.2p,3p,4a)-1,2-Di[N-4-methoxybenzyl-N-4-phenoxyben2yl)-

aminocarbonyl]cyciobutane-3,4-dicarboxylic acid;

;ia.2p.3p.4a)-1.2-Di[N-(S)-a-methylben2yl-N-4-phenoxyben2yl)-

aminocarbonyl]cyclobutane-3.4- dicarboxylic acid;

;1 a.2p,3p,4a)-1 .2-Di[N-(f?)-a-methylben2yl-N-4-phenoxyben2yl)-

aminocarbonyl]cyclobutane-3.4- dicarboxylic acid;

;1 a,2p,3P,4a)-1 ,2-Di[N-benzy!-N-(5-phenyl-2,4-pentadienyl)-

aminocarbony!]cyclobutane-3,4-dicarboxylic acid;

;-)-(1a,2p,3p.4a)-1,2-Di[N-propyl-N-(phenoxyben2yl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

;ia,2p.3p.4a)-1,2-Di[N-propyl-N-(2-(4-plienoxyphenyl)-

ethyl)aminocarbonyl]cyclobutane-3,4-dicarboxyiic acid;
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(1 a.2P.3P,4a)-1 ,2-Di[N-propyl-N-(4-phenoxyphenyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a.2p,3p,4a)-1,2-Di[N-(2-methoxyethyl)-N-(4-phenoxyben2yl)-

aminocarbonyllcyclobutane-3,4-dicarboxylic acid;

(1a,2p.3p.4a)-1,2-Di[N-(2-methylthioethyl)-N-(4-phenoxyben2yl)-

aminocarbonyl]cyclobutane-3.4-dicarboxylic acid;

(1a.2p.3p.4a)-1.2-DiIN-(2-ethylthloethyl)-N-(4-phenoxybenzyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3p,4a)-1 ,2-Di[N-(2-fluoroethyl)-N-(4-phenoxyben2yl)-

aminocarbonyl]cyclobutanG-3.4-dicarboxylie acid;

(1a,2p,3p,4a)-1,2-Di[N-(furan-2-ylmethyl)-N-(4-phenoxybenzyl)-

amlnocarbonyl]cyclobutane-3,4-dicarboxy!ic acid;

(1a,2p,3p,4a)-1,2-Di[N.(thien-2-ylmethyl)-N-(4-phenoxybenzyl)-

aminocarbonyl]cyclobutane-3,4-dlcarboxylic acid;

(1a,2p.3p,4a)-1.2-Di[N-(2-etiiyltliioethy!)-N-(4-plieny!tiiiobenzyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3p.4a)-1.2-Di[N-(cyclopropylmethyl)-N-(4-plienoxy-

benzyl)amlnocarbonyllcyclobutane-3.4-dicarboxylic acid;

(1a,2p,3p,4a)-1.2-Di[N-cyclobutyl-N-(4-plienoxybenzyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3p,4a)-1,2-Di[N-cyclopentyl-N-(4-plienoxybenzyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1 a,2p,3p,4a)-1 ,2-DiIN-cycloliexy!-N-(4-plienoxybenzyl)-

amlnocarbonyl]cyclobutane-3,4-dicarboxyiic acid;

(1a,2p,3p,4a)-1,2-Di[N-(cyclopentylmethyl)-N-(4-plienoxybenzyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxyIic acid;

(1 a,2p.3p.4a)-1 ,2-Di[N-(cyclobutylmetliyl)-N-(4-phenoxyben2yl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1 a,2p.3p,4a)-1 ,2-Di[N-(4-fluorobenzyl)-N-(4-plienoxybenzyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a,2p.3p,4a)-1,2-Di[N-(4-plienoxybenzyl)-N-(3-methoxyphen-

etliyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;
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(1a,2p.3p.4a)-1.2-Di[N-(4-phenoxybenzyl)-N-(3,4-dimethoxy-

phenethyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic

acid;

(1a,2p,3p,4a)-1.2-Di[N-(4-phenoxyben2yl)-N-phenethylamino-

carbonyl]cyclobutane-3.4-dicarboxylic acid;

(1a.2p.3p,4a)-1.2-Di[N-(p-phenoxybenzyl)-N-(3-phenyH-

propyl)aminocarbonyi]cyclobutane-3,4-dicarboxylic acid;

(1 a,2p,3P,4a)-1 ,2-Di[N-(4-phenoxyben2yI)-N-(4-phenyl-1 -

butyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a.2p.3p,4a)-1,2-Di[N-(4-phenoxyben2yl)-N-(methoxycarbonyl-

methyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3p,4a)-1,2-Di[N-(4-phenoxybenzyl)-N-(ethoxycarbonyl-

ethyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3p.4a)-1,2-Di[N-propyl-N-(4-cycIohexyloxybenzyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3p,4a)-1-[N-Propyl-N-(4-plienoxybenzyl)aminocarbonylJ-

2-IN-methyl-N-(homogeranyl)aminocarbonyl]cyclobutane-

3,4-dicarboxylic acid;

(1a,2p,3p,4a)-1-[N-PropyI-N-(4-plienoxybenzyl)aminocarbonyl]-

2-[N-benzyl-N-(4-phenoxybenzyI)aminocarbonyl]-

cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3p,4a)-1-[N-Propyl-N-(4-plienoxybenzyl)aminocarbonyl]-

2-[N-(4-phenoxybenzyl)aminocarbonyl]cyclobutane-3,4-

dicarboxylic acid;

(1 a.2p,3p,4a)-1 ,2-Di-(4-phenoxybenzyIoxycarbonyl)-3.4-

dicarboxylic acid;

(1a,2p.3p,4a)-1,2-Di[N-propyl-N-(4-phenylaminophenyl)amino-

carbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a.2p,3p,4a)-1,2-Di[N-propyl-N-(4-phenylaminobenzyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a.2p,3p,4a)-1.2-Di[N-propyl-N-(4-phenylthiobenzyl)-

aminocarbonyllcyclobutane-3.4-dicarboxylic acid;
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{1a,2p.3p,4o)-1,2-Di[N-propyl-N-I4-phenoxymethylbenzyll-

aminocarbonyl]cyclobutane-3,4-dicarboxyllc acid;

(1a.2p,3p,4a)-1.2-Di[N-propy|.N-(4-phenoxyben2yl)amino-

carbonyl]-4-hydroxymethyl-cyclobutane-3-carboxylic acid;

5 (1a.2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)amino-

carbonyl]-4-[(hydroxyimino)methyl]-cyclobutane-3-

carboxylic acid;

(1a,2p,3p.4a)-1,2-Di[N-propyl-N-(4-phenoxyben2yl)amino-

carbonyl]-4-tetra2olyl-cyclobutane-3-carboxylic acid;

10 (1a,2p,3p,4a)-1,2-DiIN-propyl-N-(4-phenoxybenzyl)amino-

carbonyl-4-tetrazoiylmethyl-cyc!obutane-3-carboxylic acid;

(1a,2p,3p,4a)-1,2-DI[N-propyl-N-(4-phenoxybenzyl)amino-

carbonyl]-4-(carboxycarbonylamino)cyclobutane-3-

carboxylic acid;

15 (1 a.2p,3p,4a)- 1 .2.Di[N-propyl-N-(4-phenoxybenzyl)amino-

carbonyi]-4-(3-carboxypropionylamino)cyclobutane-3-

carboxylic acid;

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-plienoxybenzyl)amino-

carbonyl-4-(E-2-carboxyethenyl-cyclobutane-3-carboxylic

20 acid;

(1a,2p,3p.4a)-1,2-Di(N-propyl-N-(4-phenoxybenzyI)amino-

carbonyl-4-(2-carboxyethyl).cyclobutane-3-carboxylic acid;

{1a,2p,3p,4a)-1.2-DI[N-propyi-N-(4-phenoxybenzyl)amino-

carbonyl]-4-(1 -carboxy-1 -liydroxymetliyl)cyclobutane-3-

25 carboxylic acid;

{1a,2p,3p.4a)-1,2-DI[N-propyl-N-(4-plienoxyben2yl)amino-

carbonyl]-3,4-di[(hydroxyimino)methyl]-cyclobutane;

(1 a.2p,3p,4a)- 1 .2-Di[N-metiiyl-N-(4-phenoxybenzyl)amino-

carbonyI]cyc!obutane-3,4-dicarboxylic acid dimethyl ester;

30 (1a,2p,3p,4a)-1 ,2-Di[N-prcpyl-N-(3-phenoxybenzyl).

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1 a,2p,3p,4a)-1 .2-Di[N-propyl-N-(5-phenoxyfurfuryl)amino-

carbonyl}cyclobutane-3,4-dicarboxylic acid;
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{1a,2p»3p,4a)-1.2-DiIN-propyl-N-(5-phenoxythien-2-ylmethyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

{1a,2p.3p,4a)-1,2-Di[N-propyl-N-(4-(furan-2-yloxyben2yl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a,2p.3p,4a)-1,2-Di[N-propyl-N-(4-(thiazol-2-yloxyben2yl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

{1a,2p,3p.4a)-1,2-DI[N-propyl-N-(4-(pyrrol-1-ylmethyl)benzyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3p,4a)-1,2-Di[N-propyl-N-(3-methyl-4-plienoxybenzyl)-

aminocarbonyl]cyclobutane-3,4-dlcarboxylic acid;

(1a,2p,3p,4a)-1.2-Di[N-propyl-N-(4-naphth-2-yloxyben2yl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1 a,2p.3p.4a)-1 .2-Di[N-propyl-N-(4-(3-methyl-1 -phenoxy)ben2yl)-

aminocarbonyl]cycIobutane-3,4-dicarboxylic acid;

(1a,2p.3p.4a)-1.2-Di[N-propyl-N-(4-(4-methyl-1-phenoxy)ben2yl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1 a,2p,3P.4a)- 1 .2-Di[N-propyl-N-(4-naphth-1 -yloxyben2yl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

{1a,2p,3p,4a)-1.2-Di[N-propyl-N-(4-phenoxyben2yl)amino-

carbonyl]cyc!obutane-3-[N-(5-tetra20lyl)]carboxamide-4-

carboxylic acid;

(1a.2p,3p,4a)-1,2-Di[N-propyl-N-(4-phenoxyben2yl)-

aminocarbonyl]cyclobutane-3-(N-(5-

tetrazolyl)aminocarbonylamino)-4-carboxylic acid;

(1a,2p.3p.4a)-1,2-Di[N-propyl-N-(4-phenoxyben2yl)amino-

carbony!]cyclobutane-3,4-dicarboxylic acid dimethyl ester;

(1a,2p.3p,4a)-1,2-Di[N-propyl-N-(4-phenoxyben2yl)amino-

carbonyl]-3-(metlioxycarbonyI)cyclobutane-4-carboxylic

acid;

(1a,2p.3a,4a)-1,2-Di[-N-propyl-N-(4-phenoxyben2yl)amino-

carbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3a,4p)-1,2-Di[N-propyl-N-(4-phenoxyben2yl)-

aminocarbonyl]cyclobutane-3,4-dicarboxyiic acid;
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(1a,2p.3p,4a)-1,2-Di[N-propyl-N-(4-phenoxyben2yl)-

aminocarbonyl]-3-[(hydroxyamino)carbonyl]cyclobutane-4-

carboxylic acid;

(la,2p,3p,4a)-3-(Amino)carbonyl-1,2-Di[N-propyl-N-(4-phenoxy-

benzyl)aminocarbonyl]cyclobutane-4-carboxyIic acid;

(1a,2p.3p,4a)-1.2-Di[N-propyl-N-(4-phenoxybenzyl)amino-

carbonyl]-3-(trifluoromethanesulfonylamino)cyclobutane-4-

carboxylic acid;

(1a,2p.3p,4a)-4-(Carboxy)methyl)-1,2-Di[N-propyl-N-(4-plienoxy-

benzyl)aminocarbonyl]cyclobutane-3-carboxylic acid;

(1a,2p.3p,4a)-3.4-Bis(diazoacetyI)-1,2-Di[N-propyl-N-(4-

phenoxybenzyl)am!nocarbonyi]cyclobutane;

(1a,2p,3p,4a)-1.2-Di[N-propyl-N-(4-phenoxybenzyl)-

aminocarbonyl]cyclobutane-3,4-diacetic acid;

(1a,2p.3P,4a)-1.2-Di[N-propyl-N-(4-phenoxybenzyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid mono-

Norleucine amide;

(1a,2p,3p,4a)-1,2-Di[N-propyl-N-(4-phenoxybenzyl)amino-

carbonyI]cyclobutane-3-phenoxycarbonyl-4-dicarboxyiic

acid;

(1a,2p,3p,4a)-1,2-Di[N-propyl-N-(4-phenoxybenzyl)amino-

carbonyl]cyclobutane-3,4-dicarboxylic acid mono-Glycine

amide;

(1a,2p,3p,4a)-1,2-Di[N-propyl-N-(4-plienoxybenzyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid mono-

(/^/-Proline amide;

(1a,2p,3p.4a)-1,2-Di[N-propyl-N-(4-phenoxyben2yl)-

aminocarbonyl]cyclobutane-3.4-dicarboxyiic acid mono-

Sarcosine amide;

(1a,2p,3p,4a)-1,2-Di[N-propyl-N-(4-phenoxybenzyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid mono-

d>Aspartic acid amide;
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(1a,2p.3p.4a)-1,2-Di[N-propyl-N-(4-phenoxybenzyl)-

aminocarbonyl]cyciobutane-3,4-dicarboxyltc acid mono-

Serine amide;

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxyben2yl)-

5 aminocarbonyl]cyclobutane-3.4-dicarboxylic acid mono-p-

Alanlne amide;

(1 a,2p,3P,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)amino-

carbonyl]cyclobutane-3,4-dicarboxylic acid mono-d^

Norleucine amide;

10 (1a,2p,3p,4a)-1,2-Di[N-propyl-N-(4-phenoxyben2yl)-

aminocarbonyl]cyclobutane-3.4-dicarboxylic acid mono-/-

Norleucine amide;

(1a,2p,3P,4a)-1,2-Di[N-(4-pyridyl)methyl-N-(phenoxybenzyl)-

amlnocarbonyl]cyclobutane-3,4-dicarboxylic acid;

15 (1a,2a,3p.4p)-1,2-Di[N-propyl-N-(plienoxybenzyl)-

aminocarbonyl]cyclobutane-3.4-dicarboxylic acid;

(1 a,2a.3a.4a)-1 ,2-DiIN-propyl-N-(phenoxyben2yl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a,2a.3a,4P)-1 . 2-Di[N-propyl-N-(4-plienoxybenzyl)-

20 aminocarbonyi]cyclobutane-3.4-dicarboxyiic acid;

(1a,2p.3p,4a)-1,2-Di[N-propy!-N-(4-benzoy!benzyl)-

aminocarbonyl]cyclobutane-3,4-carboxylic acid;

(1a,2p,3p,4a)-1,2-Di[N-propyl-N-(4-(3.4-methylenedioxy-

phenoxy)benzyl)-aminocarbonyl]cyGlobutane-3,4-

25 carboxyiic acid;

(1 a.2p,3p.4a)-1 ,2-Di[N-methyl-N-(4-phenoxybenzyl)-

aminocarbonylamino]cyclobutane-3»4-dicarboxylic acid;

(1a,2p,3p.4a)-1,2-Di[N,N-dibenzylaminocarbonyl]cyclobutane-

3,4-dicarboxyllc acid;

30 (1a,2p,3p,4a)-1,2-Di(N-benzyl-N-(4-chIorobenzyl)-

aminocarbonyl)cyclobutane-3.4-dicarboxylic acid;

(1a,2p.3P,4a)-1,2-Di[(4-phenoxybenzyl)carbonylamino]-

cyclobutane-3,4-dicarboxylic acid;
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(1 a,2p.3p,4a)-1 .2-Di[N-propyl-N-(4-phenoxybenzyl)-

carbonylamino]cyclobutane-3,4-dicarboxylic acid;

(1a.2p,3p,4a)-1,2-Di-[N-propy!-N-(4-phenoxybenzyl)-

aminocarbonyl]-3,4-bis(tetrazolylmethyl)cyclobutane;

(1a,2p,3p,4a)-1,2-Di-[N-propyl-N-(4-phenoxyben2yl)-

aminocarbonylmethyl]-cyclobutane-3,4-dicarboxylic acid;

(1 a,2p,3p,4a)-1 .2-Di{N-ben2yl-N-[(4-phenoxy)ben2yl]-

aminocarbonyl}cyclobutane-3,4-diacetic acid;

(-)-(l a,2p,3p,4a)-1 ,2-Di[N-cyclopropylmetliyl-N-(4-

phenoxybenzyl)aminocarbonylJcyclobutane-3,4-

dicarboxylic acid;

(1a,2p,3p,4a)-1,2-Di[N-propyl-N-(4-plienoxybenzyl)-

aminothiocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3p,4a)-DiIN-(S)-a-(cyclopropyimethyl)ben2yl-N-{4-

plienoxyben2yl)-aminocarbonyl]cyclobutane-3,4-

dicarboxylic acid;

(1a,2p,3p,4a)-Di[N-(R)-a-(cyclopropylmetliyl)ben2yl-N-(4-

plienoxybenzyi)-aminocarbonyI]cyclobutane-3,4-

dicarboxyiic acid;

(1a,2p.3p.4a)-Di[N-propyl-N-(S)-a-(cyclopropylmethyl)-(4-

phenoxyben2yl)-aminocarbonyiJcyclobutane-3,4-

dicarboxylic acid;

(1a,2p,3p,4a)-DiIN-propyl-N-(R)-a-(cyclopropylmethyl)-(4-

phenoxybenzyl)-aminocarbonyi]cyclobutane-3,4-

dicarboxylic acid;

(1a,2p,3p,4a)-DiIN-(R)-a-etliyiben2yl-N.(4-phenoxyphenyl)-

aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3P,4a)-Di[N-(S)-a-ethylben2yl-N-(4-phenoxyphenyl)-

aminocarbonyl]-cyc!obutane-3,4-dicarboxylic acid;

(1a,2p.3p.4a)-Di[N-(R)-a-(cyclopropylmethyl)benzyl-N-(4-

phenoxyben2yl)-aminocarbonyl]cyclobutane-3,4-

dicarboxylic acid;
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(1a.2p.3p.4a)-Di[N-(S)-a-(cyclopropylmethyl)ben2yl-N-(4-

phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4-

dicarboxylic acid;

(1a,2p,3p,4a)-Di[N-(R)-a-propyl-(4-phenoxybenzyl)-

aminocarbonyl]cyclobutane- 3,4-dicarboxylic acid;

(1a,2p,3p,4a)-Di[N-(S)-a-propyl-(4-phenoxybenzyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxync acid;

(1a.2p.3p.4a)-Di[N-propyl-N-(R)-a-propyl-(4-phenoxybenzyl)-

aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3p.4a)-Di[N-propyl-N-(S)-a-propyl-(4-phenoxyben2yl)-

aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3p,4a)-Di[N-benzyl-N-(R)-a-propyl-(4-phenoxybenzyl)-

aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3p,4a)-Di[N-benzyl-N-(S)-a-propyl-(4-phenoxybenzyl)-

aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid;

{1a,2p,3p,4a)-Di[N-(cyc!opropylmethyl)-N-(R)-a-propyl-(4-

plienoxybenzyI)- aminocarbonyl]cyclobutane-3,4-

dicarboxylic acid;

(1a,2p,3P,4a)-Di[N-{cyclopropylmethyl)-N-(S)-a-propyl-(4-

phenoxybenzyl)-aminocarbony!]cyclobutane-3,4-

dicarboxylic acid;

(1a,2p.3p,4a)-Di[N-(R)-a-ethyl-(4-phenoxybenzyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a.2p.3p,4a)-Di[N-(S)-a-ethyl-(4-piienoxybenzyl)-

aminocarbonyl]cyc!obutane-3,4-dicarboxylic acid;

(1a,2p.3p,4a)-Di[N-propyl-N-{R)-a-etliyl-N-{4-phenoxybenzyl)-

aminocarbonyl]-cyclobutane-3»4-dicarboxyiic acid;

(1a,2p.3p,4a)-DiIN-propyi-N-(S)-a-etiiyI-N-(4-phenoxybenzyI)-

aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3p,4a)-Di[N-benzyl-N-(R)-a-ethyl-N-(4-phenoxybenzyl)-

aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid;

(1a.2p.3p,4a)-Di[N-benzyl-N-(S)-a-ethyl-N-(4-phenoxybenzyl)-

aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid;
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(1a,2p.3p,4a)-DiIN-(cyclopropylmethyl).N-{R)-a-ethyl-(4-

phenoxybenzyl)- aminocarbonyl]cyclobutane-3,4-

dicarboxylic acid;

(1a,2p,3p,4a)-Di[N-(cyclopropylmethyl)"N-{S)-a-ethyl.(4.

phenoxyben2yl)-aminocarbonyl]cyclobutane-3.4-

dicarboxylic acid;

(1a,2p,3p.4a)-DiIN-{R)-a-methyl-(4-phenoxybenzyl).

aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid;

{1a,2p,3p,4a)-Di[N-(S)-a-methyl-(4-phenoxyben2yl)-

aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid;

(1a,2p.3p,4a)-Di[N-propyl-N-(R)-a-methyl-(4-phenoxybenzyl)-

aminocarbonyl]-oyclobutane-3,4-dicarboxyljc acid;

(la,2p.3p,4a)-Di[N-propyI-N-{S)-a-methyl-(4-phenoxyben2yl)-

aminocarbonyI]-cyclobutane-3.4-dicarboxyIic acid;

(1a,2p,3p,4a)-Di[N-ben2yl-N-(R)-a-methyl-(4-phenoxyben2y)-

aminocarbonyl]-cycIobutane-3,4-dicarboxylic acid;

(1a,2p,3p.4a)-Di[N-benzyI-N-(S)-a-methyl-(4-phenoxyben2yI)-

aminocarbonyl]-cyclobutane-3,4"dicarboxylic acid;

(1a,2p.3p,4a)-Di[N-(cycIopropylmethyl)-N-(R).a-methyl-(4-

phenoxyben2yl)-aminocarbonyi]cyclobutane-3,4-

dicarboxylic acid;

(1a,2p,3p,4a)-Di[N-(cyclopropy[methyl)-N-{S)-a-methyl-(4-

plienoxyben2yl)-aminocarbonyl]cyclobutane-3,4-

dicarboxylic acid;

{1a.2p,2p,4a)-Di[N-(R)-a-(cyclopropylmethyl).(4-

phenoxyben2yl)amino-carbonyl]cyclobutane-3,4-

dicarboxylic acid;

(1a,2p,3p,4a)-Di[N-{S)-a-(cyclopropylmethyl)-{4-

phenoxyben2yl)amino-carbonyl]cyclobutane-3,4-

dicarboxylic acid;

(1a.2p.3p,4a)-Di[N-propyl-N-(R)-a-(cyclopropylmethyl)-(4-

phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4-

dicarboxylic acid;



(1a,2p,3p,4a)-Di[N-propyl-N-(S)-a-(cyclopropylmethyl)-(4-

phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4-

dicarboxylic acid;

(1a,2P.3p,4a)-Di[N-benzyl-N-{R)-a-(cyclopropylmethyl)-(4-

phGnoxybenzyl)-aminocarbonyl]cyclobutane-3,4-

dicarboxylic acid;

(1a.2p.3p,4a)-Di[N-benzyl-N-(S)-a-{cyclopropylmethyl)-(4-

phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4-

dicarboxylic acid;

(1a,2p.3p,4a)-Di[N-(cyclopropylmethyl)-N-(R)-a-

(cyclopropylmethyl)-(4-phenoxybenzyl)aminocarbonyl]-

cyclobutane-3.4-dicarboxylic acid; and

{1a,2p,3p,4a)-Di[N-(cyclopropylmethyl)-N-(S)-a-

(cyclopropylmethyl)-(4-phenoxybenzyl)aminocarbonyl]-

cyclobutane-3,4-dicarboxylic acid;

a pharmaceutically acceptable salt thereof.

Preferred compounds are selected from the group consisting of

(1a,2p,3p,4a)-1,2-Di[N-benzyl-N-(4-phenoxybenzyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3p,4a)-1,2-Di[N-propyl-N-(4-phenoxybenzyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;

(-)-(1a,2p.3p.4a)-1,2-Di[N-propyl-N-(4-phenoxybenzyl)-

aminocarbonyl]cyclGbutane-3,4-dicarboxylic acid;

(1a,2p.3p,4a)-1.2-Di[N-(2-ethylthioethyl)-N-(4-phenoxybenzyl)-

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid:

(1a.2p,3p,4a)-1,2-Di[N-(cyclopropylmethyl)-N-(4-

phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4-

dicarboxylic acid;

(1a,2p.3p.4a)-1-IN-Propyl-N-(4-phenoxybenzyl)aminocarbonyl]-

2-[N-benzyl-N-(4-phenoxyben2yl)aminocarbonyl]-

cyclobutane-3,4-dicarboxylic acid;
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(1a,2p,3p,4a)-1,2-Di[N-propyl-N-(4-phenyIthiobenzyl)-

aminocarbonyl]cyclobutane-3.4-ciicarboxylic acid;

(1a.2p,3p,4a)-1,2-Di[N-propyl-N-(4-phenoxybenzyl)-

aminocarbonyl-4-tetra2olylmethyl-cyclobutane-3-

carboxylic acid;

(1a,2p,3p,4a)-1,2-Di[N-propyl-N-(4-phenoxybenzyl)-

aminocarbonyl]-4-(3-carboxypropionylamino)cyclobutane-

3-carboxylic acid;

(1 a,2p.3p.4a)-1 ,2-Di[N-propyl-N-(4-phenoxyben2yl)-

aminocarbonyl]-4-(1 -carboxy- 1 -hydroxymethyl)-

cyclobutane-3-carboxylic acid;

(1a,2p.3p.4a)-1,2-Di[N-propyl-N-(4-phenoxybenzyl)-

anninocarbonyl]cyclobutane-3-IN-(5-tetrazolyl)]-

carboxamide-4-carboxylic acid;

(1a,2p,3p.4a)-4-(Carboxy)methyl)-1,2-di[N-propyl-N-(4-

phenoxyben2yl)amlnocarbonyl]cyclobutane-3-carboxyllc

acid; and

(1 a,2p,3p,4a)-1 ,2-Di[-N-propyI-N-(4-phenoxyben2yl)-

aminocarbonyl]cycIobutane-3,4-diacetic acid;

or a pharmaceutically acceptable salt thereof.

In general, the compounds of the invention can be prepared by

the processes illustrated in Schemes l-XV. According to reaction

Scheme I, 1 ,2,3.4-cyclobutanetetracarboxylic dianhydride (where the

25 two anhydrides are trans to one another) in an inert solvent such as

dimethylformamide is treated with an appropriately substituted

secondary amine (HNR1R2) in the presence of an aprotic bass such as

triethylamine to afford a mixture of the 1 ,2- and 1,3-diamides. (The

isomeric diamides are separable by column chromatography.) The

30 dicarboxylic acid (2) can be further elaborated, if desired, to its diester 4
(wherein Rio is loweralkyi, benzyl, a carboxy protecting group or

prodrug) by treatment with an alcohol such as methanol in the presence

of concentrated sulfuric acid or with diazomethane.

10

15
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Alternatively Scheme II illustrates the reaction of 1,2,3,4-

cyclobutanetetracarboxylic dianhydride (where the two anhydrides are

trans to one another) with an alcohol such as methanol to give a mixture

of the diesters £ and Z (wherein R20 is loweralkyi or benzyl) following

5 the procedure described in Angew. Chem. International Ed. g: 208

(1969). (The isomeric diesters are separable by column

chromatography or crystallization.) Compound £ is activated as an acid

halide (for example by treatment with thionyl chloride or phosphorus

oxychloride) or activated ester including esters or anhydrides derived

10 from formic acid, acetic acid and the like, alkoxycarbonyl halides, N-

hydroxysuccinimide, N-hydroxyphthalimide, N-hydroxybenzotriazole. N-

hydroxy-5-norbornene-2,3-dicarboxamide, 2.4,5-trichlorophenol and the

like and then reacted with a secondary amine (HNR1R2) to give

compound fi. Hydrolysis of the esters, for example, with sodium

15 hydroxide in methanol-water or lithium hydroxide in THF) affords the

dicarboxylic add £. Alternatively, the diacid is treated with

diphenylphosphoryl azide and triethylamine followed by treatment with a

secondary amine to give bisurea diester S. Ester hydrolysis or catalytic

hydrogenation of a affords the diacid IQ.

20 The preparation of optically active compounds of the invention is

shown in Scheme III. (In a preferred embodiment, Ri is propyl and R2 is

4-(phenoxy)benzyl.) The dicarboxylic acid £ is esterified with a chiral

alcohol (such as (+) or (-) sec-phenethyl alcohol or (+) or (-) menthol and

the like) to give a mixture of phenethyl esters (U) which are separable

25 by silica gel chromatography to give a single diastereomer J£. Catalytic

hydrogenation or hydrolysis affords the optically active product IS.

The carboxy functionalities of compound £ can be elaborated in a

number of ways. Scheme IV shows the replacement of one of the

carboxy groups with tetrazolyl. The dicarboxylic acid diamide £,

30 prepared In Scheme I, is converted to a mono-ester 14 where R30 is

loweralkyi (for example, making the diester and hydrolyzing one of the

esters with a stoichiometric amount of lithium hydroxide). The remaining

carboxylic acid moiety is reduced (for example, via a mixed anhydride
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with sodium borohydride or with BH3 and the lilce) to give the

hydroxymethy! compound 15. The hydroxymethyl compound is oxidized

(for example, using tetrapropylammonium perruthenate (TPAP) or oxalyl

chloride in DMSO and the like) to give the aldehyde 1£. The aldehyde

5 is reacted with hydroxylamine to give the oxime IZ. Treatment of the

oxime 12 with trifluoroacetic anydride gives the cyano compound Ifi.

The cyano compound is reacted by standard tetrazole fonning

methodology (for example, sodium azide and triethylamine

hydrochloride in DMF) to give the tetrazolyl compound IS. Ester

10 hydrolysis of IS (for example, lithium hydroxide in THF) affords the

tetrazolyl carboxylic acid 2Q.

Other modifications of the carboxy functionality are shown in

Scheme V. To make the tetrazolylmethyl compound, the hydroxymethyl

compound 1£ where R30 is loweralkyl. prepared in Scheme IV, is

15 activated (for example, by reacting with methane sulfonyl chloride to

give the methane sulfonate) and then reacted with potassium cyanide to

give the cyanomethyl compound 21. The cyano compound is reacted by
standard tetrazole forming methodology (for example, sodium azide and
triethylamine hydrochloride In DMF) to give the tetrazolyl compound,

20 which is hydrolyzed (for example, with lithium hydroxide in water and
methanol) to give the carboxylic acid 2£.

Starting from the carboxaldehyde Ig where R30 is loweralkyl,

prepared in Scheme IV, treatment with furan, n-butyl lithium and CuCN
in an inert solvent such as THF, followed by acetylation with acetic

25 anhydride affords the acetoxy furanyl methyl compound 22- Treatment

of compound 23 with ruthenium oxide and sodium periodate converts

the furan to a carijoxylic acid; and then lithium hydroxide hydrolysis of

the ester affords the dicarboxylic acid 24-

Starting from the mono-ester 14 where R30 is loweralkyl,

30 prepared in Scheme IV, the carboxylic acid is activated with

isobutylchloroformate in the presence of 4-methylmorpholine and then

reacted with diazomethane to give the diazoacetyl compound 25.
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Treatment of the diazoacetyl compound with silver benzoate in methanol

affords the diester which is hydroiyzed to give the dicarboxylic acid £g.

Starting with the dicarboxylic acid prepared in Scheme I, the

carboxylic acids are activated with isobutylchloroformate in the presence

5 of 4-methylmorpholine and then reacted with diazomethane to give the

bis-diazoacetyl compound 2Z. Treatment of the diazoacetyl compound

with silver.benzoate in methanol affords the diester which is hydroiyzed

to give the di-acetic acid 2S.

Starting with the mono-esterM (wherein R30 is loweralkyi).

10 prepared in Scheme IV, under standard peptide coupling conditions (for

example, using 1-hydroxybenzotriazole and N-methylmorpholine In

DMF) plus a carboxy-protected amino acid (for example, the methyl

ester of norleucine, p-alanine, sarcosine, glycine, proline and the like)

affords the carboxy-protected mono-amino acid derivative (where AA
15 represents an amino acid), which is hydroiyzed to give the dicarboxylic

acid 2SL' Oi-, tri- and tetra-peptide derivatives can be similarly prepared,

using the appropriate carboxy-protected di-, tri- or tetra-peptide.

Scheme VI illustrates further modifications of the carboxy moiety.

The mono-esterM (wherein R30 is loweralkyi), prepared in Scheme IV,

20 is reacted with diphenylphosphorylazide in the presence of triethylamine

followed by benzyl alcohol to give the benzyloxycarbonyl protected

amine 43 (Z is benzyloxycarbonyl). Catalytic hydrogenation removes

the Z protecting group to give the 4-amino compound 44. The amineM
Is reacted with Et02C(CH2)rC(0)CI (where r is 0 to 4) in the presence of

25 2,6-iutidine to give compound 4&. Ester hydrolysis using lithium

hydroxide in THF affords the dicarboxylic add 4S.

Aldehyde 1£, prepared in Scheme iV, is reacted with methyl

triphenylphoranylideneacetate to give compound 4Z where E is R30

where R30 is lower alkyl. Lithium hydroxide hydrolysis of 47 in THF
30 affords the diacid 4a where E is hydrogen.

Scheme VII illustrates the preparation of two other stereo-isomers

encompassed by the present invention. The (1a,2p,3p,4a) isomer 2
results from the opening of 1.2,3,4-cyclobutanetetracarboxylic
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dianhydride 1 described in Scheme I. Another isomer is obtained by

epimerlzation of one center on the cyclobutane ring. The mono-ester

14. prepared in Scheme IV, (wherein R30 is loweralkyi) is dissolved in

an inert solvent, such as THF or ether or dimethoxyethane and the like,

5 cooled, and treated with a non-nucleophilic base (for example, with

sodium hexamethyldisilazlde or lithium diisopropylamide and the like).

Quenching with a protic source such as acetic acid, followed by ester

hydrolysis affords the (1a,2p,3a,4a)-isomer as the dicarboxylic acid 30.

Another isomer is obtained by taking the (1a,2p,3p,4a) isomer of

10 diester & prepared in Scheme II, (wherein R30 is loweralkyi) and

epimerizing with sodium methoxide in methanol to give the

(1a,2p,3a,4p) isomer 42 (wherein J is R30 where R30 is lower alkyi).

Sodium hydroxide hydrolysis in methanol-water gives the dicarboxylic

acid 5Q (wherein J is hydrogen).

15 The preparation of other isomers is shown in Scheme VIII. Furan-

2-acrylic acid 3d. is photodimerized resulting In two isomers (the

(1a,2a,3p,4P)-isomer 22 and the (1a,2a.3a,4a)-isomer S3) which are

separable by column chromatography. These photoadducts are then

coupled to the appropriate amine (R1R2NH) under standard peptide

20 coupling conditions (for example. bis(2-oxo-3-oxazolidinyl)phosphinic

chloride in DMF) to give the diamides 24 and 2&. The furan groups can

be converted to carboxylic acids using the procedure described by

Danishefsky et al., J. Amer. Chem. Soc, llfi (12). 3929 - 3940 (1988) to

give (1a,2a,3p,4p) 2S and (1a,2a.3a.4a) 2Z.

25 The preparation of yet another isomer is shown in Scheme IX.

The (1a,2a,3p,4P)-isomer 2S is converted to the mono-ester 22 where

R30 is loweralkyi (for example, by converting to the dimethyl ester with

diazomethane and then hydrolyzing one of the ester functionalities with

a stoichiometric amount of lithium hydroxide). The mono-ester 22 is

30 epimerized with a non-nucleophilic base (for example, with sodium

hexamethyldisilazlde or lithium diisopropylamide and the like) to give

the (1a,2a,3a,4P)-isomer 22. The ester is then hydrolyzed to give the

dicarboxylic acid 4Q.
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The preparation of compounds where both amides are not the

same is shown in Scheme X, Opening 1 ,2,3,4-cyclobutanetetra-

carboxylio dianhydride with a stoichiometric amount of an amine

(R1R2NH) gives the mono-amide tricarboxylic acid 41. Using typical

5 peptide coupling conditions (for example, treating with

dicyclohexylcarbodiimide In a mixture of DMF and methylene chloride)

and an appropriate amine (RrR2*NH) gives the desired diamide i2
having different amide substituents.

An alternate method for preparing the compounds of the Invention

0 Is shown in Scheme XI. 1 .2,3,4-Cyclobutanetetracarboxylic anhydride 1
Is reacted with benzyl alcohol to give the 1 ,2-dibenzyl ester 51 as a solid

obtained by crystallization, i.e. no chromatography is required to

separate it from the 1 ,3-dibenzyl ester also obtained. Treatment of

compound 51 with oxaly! chloride and the appropriate amine (R1R2NH)

5 In the presence of Hunig*s base affords the diamide 5E. Catalytic

hydrogenatlon (for example, using a palladium on carbon catalyst,

hydrogen, and a methanol-ethyl acetate solvent system) to remove the

benzyl protecting groups affords the desired diacid diamide £.

A procedure for preparing reverse amides is shown In Scheme

D Xll. A dicarboxylic acid where R20 is loweralkyi or benzyl (for example, a

diester whose preparation was shown in Scheme II) is reacted with

diphenylphosphoryl azide in an inert solvent (for example, in benzene or

toluene and the like) in the presence of triethylamine followed by tert-

butanol to give the bis(Boc-protected amine) 53. The protecting group is

5 removed with trifluoroacetic acid to give the diamine 5A as its

trifluoroacetate salt. This diamine is reacted with an acid (R2COOH) 55
under amide coupling conditions (for example, 1-(3-

dlmethylaminopropyl)-3-ethylcarbodiimide'HCI, 1-hydroxybenzotriazole

hydrate, and triethylamine in THF) to give the diamide 55. Removal of

3 the carboxy protecting groups (for example, hydrolysis of esters using

sodium hydroxide in methanol-water or catalytic hydrogenation of

benzyl esters) affords the diacid di-reverse amide 5Z.
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A procedure for preparing rQ-substituted reverse amides is shown
In Scheme XIII. The diamine 54 where R20 is loweraH<yl or benzyl,

prepared in Scheme XII, is reacted with an acid chloride (Ra*C(0)CI
wherein Ra* is loweralkyi, cycloalkyi or cycloalkylalkyi) in the presence of

5 triethylamine to give diamide 52. Reduction of the amide functionality

(for example, using borane-tetrahydrofuran complex) affords the

substituted amine compound 5S. Treatment of 5S with the acid chloride

of R2-C(0)0H in the presence of triethylamine affords the diester

diamide £Q. Removal of the carboxy protecting groups (for example,
10 hydrolysis of esters using sodium hydroxide in methanol-water or

catalytic hydrogenation of benzyl esters) affords the diacid di-substituted

reverse amide 51.

An alternate procedure for preparing N-substituted reverse

amides is shown in Scheme XIV. The diacid £ is converted to the N-

15 protected diamine 55 (for example, by reaction with oxalyl chloride,

followed by reaction with sodium azide, followed by reaction with

t-BuOH and CuCI). Reaction of 55 with Ra-L (Ra is loweralkyi, cycloalkyi

or cycloalkylalkyi and L is a leaving group such as CI, Br, I or a
sulfonate) in the presence of a non-nucleophilic strong base (for

20 example, NaH), followed by N-deprotection provides 56. Diamine 55
can be converted to 61 as described in Scheme XIII.

An alternative preparation of optically active compounds of the

invention is shown in Scheme XV. The dibenzyl ester 51, prepared in

Scheme XI, forms a salt with (-)-norephedrine in ethanol, and the

25 desired optically active (-)-isomer crystallizes from solution. Separation

of the salt of the (-)-isomer, followed by acidification affords the desired

optically active dicarboxylic acid 5£. Compound S2. is reacted with

R1R2NH to give the optically active diamide 53. Catalytic hydrogenation

of compound 62 affords the optically active dicarboxylic acid 54.
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SCHEME I

1 2 a
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RACEMIC
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Separate Diastereomers

SINGLE DIASTEREOMER

12
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SCHEME VII

- * y '

o \

2

o

I
CO2H

] cOjH



wo 95/12572 PCT/US94/I2132

-53-

SCHEME VIII
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SCHEME X
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SCHEME XII
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SCHEME XIII
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SCHEME XiV
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SCHEME XV
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The foregoing may be better understood by reference to the

following examples which are provided for Illustration and not intended

to limit the scope of the inventive concept.

The following abbreviations were used AgOBn for silver

5 benzoate. BOP-CI for bis(2-oxo-3-oxazolidinyl)phosphinic chloride, n-

BuLi for n-butyl lithium, DIBAL for diisobutylaluminum hydride, DMAP for

dtmethylaminopyridine, DME for dimethoxyethane. DMF for

dimethyiformamide, DMSO for dimethylsulfoxide, EDCI for 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimlde hydrochloride. EtaN for

10 triethylamine, Et20 for diethyl ether. EtOAc for ethyl acetate, EtOH for

ethanol, HOAc for acetic acid, HOBT for 1-hydroxybenzotriazole. LAH for

lithium aluminum hydride, LDA for lithium diisopropylamide, MeOH for

methanol, Pd/C for palladium on carbon, THF for tetrahydrofuran, and

TPAP for tetrapropylammonium perruthenate.

15

Example 1A

N-Methvl-N-f4-Dhenoxvbenzvnamine

4-Phenoxybenzaldehyde (10.0 g, 0.05 mol), excess methylamlne

and 1.5 g of 10% Pd/C in 200 mL of methanol were stin-ed under an

20 atmosphere of hydrogen for 16 hours. After removal of the catalyst by

filtration through Celite®, the filtrate was concentrated under reduced

pressure to give the crude product as an oil. Chromatography on silica

gel eluting with ethyl acetate gave the title compound in 80%.

25 Example IB

N-Aputyl'N-(4-phenpxvbenzy|)aming

4-Phenoxybenzaldehyde (10.0 g, 0.05 mol), excess

isobutylamine and 1.0 g of 10% Pd/C in 200 mL of ethanol were stirred

under an inert atmosphere for 16 hours followed by an atmosphere of

30 hydrogen for 16 hours. After removal of the catalyst by filtration through

Celite®. the filtrate was concentrated under reduced pressure to give the

crude product as an oil. The oil was dissolved in ether and precipitated

by treatment with anhydrous HCI. The solid was filtered, washed with
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ether, and partitioned between ethyl acetate and 1M NaOH. The ethyl

acetate solution was washed with brine, dried over Na2S04, and

evaporated to give the title compound in 93% yield.

Examples g'lQ

The following compounds were prepared by the procedures

described in Examples 1A or IB using the appropriate aldehydes and
amines.

10 »

Ex R'- Ri- Product

CH3CH2-

<

CH3CH2CH2-

CH3

CH3-

CH3-

H

H
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Ex K- Ri- Product

6 -0-°-0-
*

CHr

H

CH3-

Cyclopropyl

<

*The aldehyde was prepared from 4-fluorophenol and 4-

bromobenzaldehyde.

5 Example 10

N.N"Dif4-Dhenoxvbenzvnamine

4-Phenoxybenzaldehyde was reacted with ammonium acetate to

give the title compound.
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Example 11

N-PrQpargyl-N-f4-Phenoxvbenzyhamipff

4-Phenoxybenzaldehyde (5.0 g. 25.2 mmol) and propargylamine

(1.46 g, 26.5 mmol) were dissolved in 100 mL of 1% acetic acid In

5 methanol under an atmosphere of dry nitrogen. Sodium

cyanoborohydrlde (1.66 g, 26.5 mmol) was added, and stirring was
continued for 18 hours at which time the solvent was removed under

reduced pressure. The residue was suspended in ether, washed with

5% NaHCOa and brine, and dried over Na2S04 to give 5.6 g (93%) of

10 the title compound.

Example 12

N^Benzvl-N-M-Dhenoxvbenzvnamine

The title compound was prepared by the method described in

15 Example 11 substituting benzylamine for propargylamine.

Example 13

f1a,2B,3B,4aV1.2-DirN-methvl-N-(A-

Phenoxvbenzvnaminocarbonvncvclobutane>3.4-dinarboxyl!n arid

20 To a solution cooled in an ice bath of 1,2,3,4-

cyclobutanecarboxylic dianhydride (3.42 g, 17.4 mmol) in 30 mL of

dimethylformamide was added triethylamine (3.51 g, 3,47 mmol). The
mixture was then treated with N-methyl-(4-phenoxybenzyl)amine (10 g,

4.74 mmol) in 20 mL of dimethylformamide dropwise over 20 minutes.

25 After stirring at ambient temperature ovemight, the dimethylformamide

was removed under reduced pressure to give a crude solid mixture. The
crude solid was taken up in ethyl acetate, washed with dilute

hydrochloric acid, water and saturated sodium chloride solution, dried

over sodium sulfate, filtered and concentrated in vacuo. When solid

30 began precipitating from solution, the mixture was cooled over an ice

bath for 1 hour and then filtered. The combined filtrates were

evaporated to give an oil product which was chromatographed on silica

gel eluting with 94:5:1 chloroform-methanol-acetic acid to give 3 g (28%)
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of the title compound m.p. 105-108 ^C. ''h NMR (DMSO-de, 300 MHz)

S 2.91 (s. 6H). 3.30 (d. 2H), 4.02 (d, 2H), 4.20 (d, 2H). 4.37 (d. 2H). 6.89-

7.20 (m, 18H). MS m/e 623 {M+H)+

5 Example 14

na.2p.3p.4aV1.2-DirN-methvl-N-r4-

ben2vlQxvbQnzvnaminocarbonvl1cvclobutane-3.4-dicarbQxvlic acid

To a solution of 1,2,3,4-cyclobutanecarboxylic dianhydride (0.44

g, 2.29 mmol) and triethylamine (0.63 mL, 4.58 mmol) in

10 dimethylformamide (20 mL) at 0 ""C under nitrogen was added the

compound resulting from Example 5 (1.3 g, 5.75 mmol). The reaction

was stirred at 0 °C for 2 hours and then allowed to wami to ambient

temperature overnight. The DMF was removed under reduced pressure,

and the oily residue was partitioned between ethyl acetate and water.

15 The organic phase was washed with 1 N HCI, water and brine, dried

over magnesium sulfate, filtered and evaporated under reduced

pressure to give crude product. Flash silica gel chromatography eluting

with 94:5:1 CHCb-MeOH-HOAc yielded 22% of the 1.2-di[N-methyl-N-

(benzyloxybenzyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid

20 isomer, m.p. 210-212 ^C. MS m/e 651 (M+H)+

Example 15

M a.2p.3p.4aV1 .2-DirN-benzvl-N-f4-

phenoxyb6nzynaminocarbonyl]cyclobutane-3.4-dicarboxvlic acid

25 To a solution of 1,2,3,4-cyclobutanetetracarboxylic dianhydride

(0.5 g, 2.54 mmol) in THF (5 mL) was added N-benzyl-N-(4-

phenoxybenzyl) amine (1.47 g. 5.08 mmol) in THF (5 mL) at 25 ^C. The

initial slurry became homogeneous after stinring at 25 for 25 minutes.

The solution was stirred one additional hour, then poured into 100 mL of

30 ethyl acetate. The organic layer was washed successively with 50 mL
IN H3PO4, 50 mL 10% NaHCOa and 50 mL 10% NaCI, then dried over

anhydrous sodium sulfate, filtered and solvent removed in vacuo to

afford 2.2 g of a white foamy solid. The crude product containing both
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isomers was purified by silica gel chromatography elutlng with 94:5:1

CHCb-MeOH-HOAc. The slower moving product was isolated in 6%
yield and characterized as 1 ,2-Di[N-benzyl-N-(4-

phenoxybenzyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid. H
5 NMR (CDCb + CD3OD, 500 MHz) 6 3.95-4.05 (m, 2H), 4.39-4.1 6 (m.

8H). 4.41-4.52 (m, 2H), 4.65-4.76 (m, 2H). 6.82-7.36 (m. 28H). MS
{DCI/NH3) m/e775 (M+H)+

Examples 1fi-an

10

The following examples were prepared using the general

procedures described in Example 13.

HOOQy ^^COOH

"2 \ "d.

Ex Rl R2 m.p.

°C

16 Ethyl 90-93

17 Propyl *

18 Methyl 81-82.5
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Ex Rl R2 m.p.

19 82-83

20 Methyl 63-65

21 Methvi 90-93

22 Methyl -o-o 73-75

23 i-Propyl

/ \_/ \__/
103-107

24 i-Butyl
*

25 n-Propyl *

26 n-Butyl
*

27 -CH2-CsCH /-0-°-0 *



30 Cyclopropyl ^^'^^

* Amorphous solid

Ex DATA
17 1H NMR (DMSO-de. 300 MHz) 8 0.80 (m, 6H), 1 .46 (m, 4H).

2.70-3.00 (m. 4H). 3.60 (m, 2H). 3.92 (m, 2H). 4.27 (m, 2H). 4.70

(dd, 2H), 6.87-7.43 (m, 18H)

24 ^ H NMR (CDCI3. 500 MHz) 6 0.85 (m. 1 2H), 1 .92 (m. 2H), 3.02

(m, 4H), 4.01 (m, 4H), 4.39-4.62 (m. 4H). 6.86-7.35 (m, 18H)

25 1H NMR (CDCI3, 500 MHz) 6 0.80 (m. 6H). 1.50 (m, 4H), 3.15

(m. 4H), 3.95 (m, 8H). 4.10-4.62 (m. 4H). 7.05-7.30 (m, 18H)

26 1H NMR (CD3OD), 500 MHz) 8 0.90 (m. 6H). 1 .31 (m. 4H), 1 .4-

1.6 (m. 4H). 2.98 (m, 1H), 3.12 (m. 1H), 3.3-3.45 (m. 1H), 3.5-

3.62 (m, 1H), 3.73-3.8 (m. 3H). 4.08-4.16 (m, 3H), 4.32-4.43 (m,

3H), 4.62-4.82 (m. 1H). 6.8 -7. (m, 8H). 7.1 (m. 2H). 7.19-7.35 (m.

8H)

27 1H NMR {CDCI3, 500 MHz) 52.19 (m, 2H), 3.86 (m, 6H), 4.12

(m. 2H). 4.25 (m, 2H), 4.42 (m, 2H). 4.59 (m, 1H), 4.80 (m. 1H).

6.83-7.40 (m, 18H)

28 1H NMR (CDCI3. 500 MHz) 5 0.85 (m, 6H), 1.24 (m. 8H). 3.12

(nri. 2H), 3.24 (m, 2H). 3.47 (m, 2H), 3.96 (m, 2H). 4.12 (m, 2H),

4.53 (m, 4H), 6.88-7.36 (m. 18H)
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Ex DATA

29 1H NMR {CDCI3. 500 MHz) 5 3.73 (m. 2H), 3.82 (m, 4H), 4.1

1

(m, 4H), 4.37 (m, 2H). 4.55 (m, 1H). 4.73 (m. 1H), 5.13 (m, 4H),

5.72 (m, 2H). 6.90^7,35 (m, 18H)

^ygrpplg 31

(1 ff,2p.9p,4txV1 .2-DirN-cvcloh9XYlm$thyl"N-

ph6noxvbenzvnaminocarbonvncvclobutane-3.4- dicarboxvlic add

5 To a slurry of 1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.3

g, 1.5 mmoi) in CH3CN (1 mL) was added N-cyclohexylmethyl-N-

phenoxybenzylamine (0.95 g, 3,21 mmol) in CH3CN ( 10 mL). The

slurry was stirred for 5 minutes at 20 resulting in a homogeneous

solution. The solution was stirred for 20 hours at 20 ''C then

10 concentrated in vacuo to a white foam. The foam was dissolved in 100

mL of ethyl acetate and washed successively with 50 mL 1 K H3PO4

and 10% NaCI, then dried over anhydrous sodium sulfate, filtered and

solvent removed in vacuo to afford 1 .0 g of a white foamy solid. The

crude product containing both isomers was purified by silica gel

15 chromatography eluting with 94:5:1 CHCIs-MeOH-HOAc. The slower

moving product was isolated in 14% yield and characterized as 1.2-di[N-

cyclohexylmethyl-N-phenoxybenzyI)aminocarbonyl]cyclobutane-3,4-

dicarboxylic acid. NMR (CDCI3. 500 MHz) 6 7.32-6.87 (m, 18H).

4.67-4.36 (m, 4H), 3.88-4.13 (m, 4H). 2.95-3.20 (m. 4Hj, 1.52-1.69 (m,

20 8H). 1.07-1.14 (m. 8H), 0.78-0.88 (m, 6H). MS (FAB+) m/e 787, (FAB")

785.
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Example 52

na.2p.3p.4a>-1.2-DirN-Dhfinvl.N.

Dhenoxvbenzvhaminocarbonvllcynlnhiitane-3.4.riinarhnYvlir f^^j^

To a slurry of 1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.5

5 g, 2.5 mmol) in DMF (5 mL) was added N-phenyl-N-

phenoxybenzyiamine HCi (1.6 g, 5.11 mmol), prepared by the

procedures described in Example 11, in DMF (5 mL) followed by EtsN

(0.71 mL, 5.1 1 mmol). The slurry was stirred for 5 minutes at 20 "C

resulting in a homogeneous solution. The solution was stirred 20 hours

10 at 20 °C, then concentrated in vacuo to a white foam. The foam was
dissolved in 100 mL of ethyl acetate and washed successively with 50
mL 1 M H3PO4 and 10% NaCI, then dried over anhydrous sodium

sulfate, filtered and solvent removed in vacuo to afford 0.5 g of a clear

oil. The crude product containing both isomers was purified by silica gel

15 chromatography eluting with 94:5:1 CHCIa-MeOH-HOAc. The slower

moving product was isolated in 3% yield and characterized as 1,2-diIN-

phenyl-N-phenoxybenzyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic

acid. IH NMR (DMSO-de, 300 MHz) 5 7.44-6.81 (m, 28H), 4.99-4.60 (m,

4H). 3.44-3.21 (m, 4H). MS (FAB +) m/e 747, (FAB -) 745.

20

Example 33

na.2p.3p.4ftW1.2-DifN-4-m6thoxvbenzyl-N.4.

Dhenoxvb6nzvnaminoGarbonvncvclohijtane-3.4-dicarboxvlic acid

Following the procedures described in Example 31 and

25 substituting N-4-methoxybenzyl-N-4-phenoxybenzylamine (1.02 g, 3.4

mmol), prepared by the procedures described in Example 11, for N-

cyclohexylmethyl-N-phenoxybenzylamine afforded 1.2 g of crude

product as a white foamy solid. The crude product containing both

isomers was purified by silica gel chromatography eluting with 94:5:1

30 CHCl3-MeOH-HOAc. The slower moving product was isolated in 27%
yield and characterized as the title compound. Ih NMR (CDCI3, 500

MHz) 6 7.32-6.75 (m. 26H). 4.69-4.62 (m, 4H), 4.45-4.44 (m, IH). 4.21-
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4.32 (m, 4H), 3.92-3.98 (m, 1H), 3.69-3.74 (m, 8H). MS (FAB+) m/e 835,

(FAB-) 833.

ExgmplQ 34

5 (1a,2B.3B.4aVl.2-DifN-(S)-a-methvlbenzvl-N-4-

DhenoxvbenzvnaminQcarbonvncvclobutane-3.4- dicarboxvlic acid

To a slurry of 1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.3

g, 1.5 mmol) in CH3CN (6 mL) was added N-4-phenoxybenzyl-N-(S)-a-

methylbenzylamine (1.02 g, 3.4 mmol), prepared by the procedures

0 described in Example 11, In CH3CN (3 mL) containing EtaN (0.1 mL, 0.7

mmol). The slurry was stirred for 5 minutes at 20 resulting In a

homogeneous solution which was stirred 20 hours at 20 °C. The

solution was diluted with 100 ml of ethyl acetate and washed

successively with 50 mL 1 N H3PO4 and 10% NaCI. then dried over

5 anhydrous sodium sulfate, filtered and solvent removed in vacuo to

afford 0.9 g of a white foamy solid. The crude product containing both

isomers was purified by silica gel chromatography eluting with 94:5:1

CHCIs-MeOH-HOAc. The slower moving product was Isolated in 12%
yield and characterized as the title compound. "Ih NMR (DMSO-de, 300

0 MHz) 5 1.28-2.05 (m, 6H). 3.58-3.98 (m, 4H), 4.01-4.16 (m, 1H). 4.19-

4.41 (m. 1H). 4.71-4.76 (m. 1H), 4.91-5.18 (m, 1H), 6.02-6.06 (m, 2H),

6.72-7.38 (m, 28H) . 10.12 (bs, 2H). MS (FAB+) m/e 803, (FAB*) 801.

Example 35

5 nfx.2p.3p.4aVl.2-DifN-fffl-a-methvlben7vl-N-4-

phenQxvbenzvnamlnocarbonvncyclQbutanQ>3.4- dicarboxvlic add

Following the procedures described in Example 34 and

substituting N-4-phenoxybenzyl-N-(f?)-a-methylbenzylamine (1.02 g. 3.4

mmol), prepared by the procedures described in Example 11. for N-4-

3 phenoxybenzyl-N-(S)-a-methylbenzylamine afforded 1.0 g of crude

product as a white foamy solid. The crude product containing both

isomers was purified by silica gel chromatography eluting with 94:5:1

CHCIs-MeOH-HOAc. The slower moving product was isolated in 17%
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yield and characterized as the title compound. Ih NMR (CDCI3, 500

MHz) 5 1.38-1.54 (m. 6H). 3.60-3.82 (m, 4H), 4.01-4.05 (m. 1H). 4.15-

4.18 (m, 1H), 4.27-4.30 (m, 1H). 4.44-4.48 (m, 1H). 5.96-5.97 (m, 2H),

6.69-7..46 (m, 28H) . 10.12 (bs. 2H). MS (FAB+) m/e 803. (FAB") 801.

5

f1a.2B,3B.4a)-1.2-DirN-benzvl-N-r5-DhenvUP4-

DentadienynaminQcarbonvncvclQbutane-3.4-dicarbQxvlic acid

Following the procedures described in Example 34 and

10 substituting N-(5-phenyl-2,4-pentadienyl)-N-benzylamine (1.02 g, 3.4

mmol), prepared by the procedures described in Example 1 1, for N-4-

phenoxybenzyl-N-{S)-a-methylbenzylamine afforded 0.9 g of crude

product as a white foamy solid. The crude product containing both

isomers was purified by silica gel chromatography eluting with 94:5:1

15 CHCIs-MeOH-HOAc, The slower moving product was isolated in 11%
yield and characterized as the title compound. Ih NMR (DMSO-de, 300
MHz) 5 3.35-3.72 (m. 4H), 3.88-4.16 (m. 4H), 4.19-4.41 (m, 2H). 4.67-

4.87 (m, 2H). 5.30-5.40 (m. 2H). 5.70-5.83 (m. 2H). 6.26-6.43 (m, 2H).

6.53-6.75 (m, 2H), 6.81-6.98 (m, 2H), 7.21-7.44 (m. 18H). 12.55 (bs.

20 2H). MS (FAB+) m/e 695.

Example 37

M-n a.2B.3B.4aV1 .2-DirN>prQPvl-NW4-

phenoxvben2ynaminocarbonvl1cvclobutane-3.4-dicarbQxylin ^^IH

25

Example 37A

m^geoPhenethvl f1a.2p.3B.4aV1 .2-dirN-prQpvl>N-(4-

phenoxvbenzvnaminocarbonvncvclobutane-3.4-dicarbQyylatft

A solution of 1,3-dicyclohexylcarbodiimide (1.26 g, 6.0 mmol), 4-

30 dimelhylaminopyridine (72 mg, 0.6 mmol), and 80 mL diethylether was
added dropwise to a 0 °C solution of (+/-)- 1,2-di[N-propyl-N-

(phenoxyben2yl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid, the

compound resulting from Example 17, (2.0 g. 2.9 mmol), f?-(-)-sec^
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phenethyl alcohol (0.73 g, 6.0 mmol), and 20 mL diethylether. The

reaction mixture was stirred for 0.25 hour at 0 *'C and for 18 hours at

room temperature, then was diluted with diethylether and filtered. The
filtrate was washed with 0.5 H HCI, H2O, saturated aqueous NaHCOs,

5 and was dried over MgS04, filtered, and solvent evaporated under

reduced pressure to afford 2.6 g of crude product as a white foam. The

crude product was chromatagraphed on silica gel, eluting with 20%
diethylether in hexanes to afford 0.22 g of the desired product as a

single diastereomer. Ih NMR (CDCI3. SOOMHz) 5 0.70-0.81 (m, 6H),

10 1 .20-1 .31 (m. 2H), 1 .35-1 .46 (m, 2H). 1 .50-1 .65 (m, 6H), 2.75-2.95 (m,

2H), 3.10-3.25 (m. 2H). 3.82-4.18 (m, 6H), 4.31-4.48 (m. 2H), 5.72-5.83

(m. 1H), 5.85-5.96 (m, 1H), 6.84-7.02 (m, 10H). 7.02-7.15 (m, 4H), 7.22-

7.40 (m. 14H). MS (FAB) m/e 925 (m+K)+

15 Example 37B

a.2p.3p.4aV1 2.DirN-propyl-N.M-

phenoxybBnzyl)aminocarbonyncvclobutane-3.4-dicarhoxvlic acid

The compound resulting from Example 37A (0.22 g, 0.2 mmol)

was dissolved in 100 mL of EtOAc and hydrogenated at 4 atmospheres

20 of hydrogen at room temperature over Pd/C (0.1 5 g, anhydrous) for 23

hours. The reaction mixture was filtered and solvent evaporated in

vacuo to afford 0.14 g of crude product as a light yellow solid. The

crude product was triturated with hexane/ether to afford 0.13 g as a

colorless glass. The glass was lyophllized to afford 0.11 g of the title

25 compound as a white powder. NMR (CD3OD, 300 MHz) 5 0.82-0.97

(m, 6H), 1.48-1.68 (m, 4H). 2.88-3.00 (m, 1H), 3.02-3.20 (m, 1H), 3.29-

3.34 (m, 3H), 3.45-3.68 (m, 1H). 3.72-3.85 (m, 2H), 4.08-4.22 (m, 2H),

4.31-4.44 (m. 2H). 4.65-4.81 (m . 2H), 6.86-7.00 (m, 8H). 7.05-7.14 (m,

2H). 7.18-7.38 (m,8H). MS (FAB) m/e 701 (m+Na)+ Anal calcd for

30 C40H42N2O8 • 1.5 H2O: C. 68.07; H. 6.43; N, 3.97. Found: C. 68.27; H,

6.01; N, 3.92. [al^ = -77.4" (c=0.90. MeOH).
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ExamplB 3R

(1a.2B.3B.4a)-1.2-DirN-nmnvl.N-/9.r^.

phenoxvDhenvnethvnaminQearbonvnevclQhutane.3.4-fliftarboxvlic acid

5 Example 3RA

4-Phenoxvstyrene

To a suspension of methyltriphenylphosphonium bromide (7.85 g,

22 mmol) in THF (10 mL) was added potassium terf-butoxide (1.0M
solution in THF, 22 mL). After 30 minutes, 4-phenoxyben2aldehyde

10 (3.96 g. 20 mmol) was added to the above mixture. Tlie reaction was
diluted witli equal volume of hexane after 20 minutes and filtered

through silica gel (80 g). The residue was rinsed and washed with 20%
ether in hexane. Concentration of the filtrate in vacuo gave the crude

product as an off white solid which was used without further purification.

15

Example 386

2-r4-Phenoxvphenvnfifhvl alf^^h"'

To the compound resulting from Example 38A in THF (40 mL)
was added borane-methyl sulfide solution (10 M. 1.6 mL, 16 mmol).

20 After 3 hours, the reaction was cooled with an ice-water bath, and
anhydrous ethanol (5 mL) was added carefully to destroy excess
borane. Aqueous sodium hydroxide (15%. 4 mL) was added, followed

by 30% hydrogen peroxide (4 mL). The resulting mixture was refluxed

for 1 hour, cooled to room temperature, then extracted with ether (80

25 mL). The organic phase was then washed with water (20 mL x 2), brine

(20 mL), dried with anhydrous magnesium sulfate, filtered, and
concentrated in vacuo. The residue was then purified by column

chromatography eluting with 20% ethyl acetate in hexane, followed by
100% ether to give the title compound as the second fraction (2.32 g,

30 54%, 2 steps). ^H NMR (300 MHz. CDCI3) 5 7.37-6.94 (m. 9H), 3.87 (q.

2H), 2.86 (t.2H), 1.37 (t. 1H).



WO^/12572 PCTAJS94/12132

-75-

Example 38C

4-f2-ChlorQethvnDhenvl phenyl ether

To a -78 °C solution of the compound resulting from Example

38B (3.64 g. 17.0 mmol) in anhydrous methylene chloride (40 mL) was

5 slowly added phosphorus trichloride (2.61 g, 19.0 mmol). The cold bath

was then removed, and the reaction was allowed to wamn to room

temperature over 1 hour. The reaction mixture was then slowly poured

Into an ice-cooled saturated sodium bicarbonate solution (50 mL). and

extracted with ether (100 mL). The organic phase was washed with

10 water (30 mL x 2) and brine (20 mL), dried over anhydrous magnesium

sulfate, filtered through silica gel, and concentrated in vacuo. The crude

product was used without further purification for the next step. '•H NMR
(300 MHz, CDCI3) 6 7.72-6.93 (m. 9H). 3,56 (t. 2H), 3.15 (t, 2H).

15 Example 38P

2-(4-PhenPxyphenYl)ethy|phth&iimide

A solution of the product resulting from Example 38C and

potassium phthalimide (3.78g, 20.4 mmol) in THF (40 mL) was refluxed

for 16 hours, then concentrated to near dryness. The residue was

20 titraturated with 1:1 ether-hexane (5 mL), and the solid was filtered and

air dried. The crude product was used directly for the next step. "^H

NMR (300 MHz, CDCI3) 5 7.85 (m. 2H). 7.72 (m, 2H). 7.33-6.92 (m, 9H).

3.92 (t, 2H). 2.98 (t, 2H).

25 Example 38E

2-f4-PhenQxvDhenvnethvlamine

A suspension of the crude compound resulting from Example 38D

in ethanol (20 mL) was refluxed with hydrazine (0.65 mL, 20.4 mmol).

The reaction mixture became homogeneous after about 10 minutes, and

30 a white precipitate started to form in a short time. After 16 hours of

refluxing, the reaction mixture was cooled to room temperature, filtered,

and washed with ethanol (5 mL x 3). The filtrate was diluted with ether

(100 mL) and washed with 10% sodium carbonate (20 mL). water (30
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mL) and brine (20 mL), dried over anhydrous potassium carbonate,

filtered and concentrated in vacuo. The cmde amine was used directly

for the next step. NMR (300 MHz, CDCI3) 5 7.35-6.94 (m, 9H), 2.98

(t. 2H), 2.72 9t, 2H)

5

Example 3BF

N-f2-f4-Phenoxv)DhenvhethvlproniQnamirip

To the solution of crude amine resulting from Example 38E in

methylene chloride (20 mL) and pyridine (5 mL) was added propionyl

10 chloride (3.0 mL, 34 mmol). After 6 hours, the reaction was diluted with

ethyl acetate (80 mL), washed with water (20 mL), 10% aqueous

hydrochloric acid (20 mL), water (20 mL), saturated copper sulfate (20

mL), and brine (20 mL), dried over anhydrous magnesium sulfate,

filtered, and concentrated in vacuo. The residue was purified by column

15 chromatography eluting with 50% ethyl acetate in hexane to give the title

compound (1.23 g, 27% for 4 steps). IH NMR (300 MHz, CDCI3): 5

7.36-8.95 (m. 9H). 5.46 (bs, 1H). 3.51 (q. 2H), 2.80 (t, 2H). 2.19 (q, 2H),

1.15 (t, 3H).

20 Example 38G

N-Ethvl-N-f2-r4-phenoxv^phenvl6thvnaminp

To a solution of the amide resulting from Example 38F (1.23 g,

4.57 mmol) in THF (10 mL) was slowly added lithium aluminum hydride

(1 .0 M in THF, 4.6 mL). After the resulting mixture was refluxed for 3

25 hours, it was cooled to 0 °C, and water (0.18 mL), 15% aqueous NaOH
(0.18 mL), and water (0.54 mL) were carefully added. White precipitate

formed, and the mixture was filtered through celite, washed with ether,

and concentrated in vacuo \o afford pure title compound (1.05 g, 88%).

1H NMR (300 MHz, CDCI3) 5 7.35-6.92 (m, 9H), 3.30 (bs, IH), 2.83 (m,

30 2H), 2.60 (t. 2H), 2.37 (dd, 2H), 1 .49 (m, 2H), 0.92 (t, 3H).
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Example 3SH

(1ff.2B.3B.4«)-1.2-PirN-propyl-N-fg-(4-

phftnQxyph6nvhethvnaminocarbonvncvclobutane-3.4-dicarboxvlic acid

A mixture of the amine resulting from Example 38G (0.942 g, 3.69

5 mmol). 1,2,3,4-cyclobutanetetracarboxyIic dianhydride (0.290 g, 1.48

mmol), triethylamine (0.62 mL 4.4 mmol) and DMAP (50 mg) in

acetonitrlle (10 mL) was stirred ovemigiit. Tiie reaction mixture was

concentrated in vacuo and partitioned between 20% aqueous HCI and 3

portions of ethyl acetate. The combined organic extracts were washed

10 with brine, dried over magnesium sulfate, filtered and concentrated in

vacuo. The residue was purified by column eluting with 1:1 CHCia-

EtOAc, followed by 50:50:2:1 CHCb-EtOAc-MeOH-AoOH to give 1.3-

diamide-2,4-diacid as the first fraction (0.436 g, 42%) followed by the

title compound (0.477 g, 46%). iH NMR (500 MHz, DMSO) 5 7.40-6.91

15 (m. 18H), 3.04 & 2.95 (2 m's, 8H), 2.81 & 2.39 (m, 4H), 2.93 & 2.82 (2

m's, 4H), 1 .64 & 1 .46 (2 m's, 4H). 0.91 & 0.82 (2 t's, 6H). MS (FAB") m/e

705 (M-H).

Example 39

20 (1 ff.2p.3p.4ff)-1 .2-Di[N-p ropy|-N-(4-

phenoxvDhenvi^aminocarbonvncvclobutane-3.4-dicarboxvlic acid

Example 39A

N-f4-Phenoxv^phenylpropionamide

25 To a solution of 4-phenoxyaniline (4.62 g, 25 mmol) in methylene

chloride (50 mL) and pyridine (10 mL) was added propionyl chloride

(3.3 mU 37.5 mmol). After 1 hour, the reaction mixture was diluted with

ether (150 mL), washed with water (50 mL). 10% sodium carbonate (50

mL), 10% HCI (50 mL), saturated copper sulfate (50 mL), water (50 mL)

30 and brine (30 mL), dried over anhydrous magnesium sulfate, filtered,

and concentrated In vacuo. The title compound amide was used without

further purification. ""H NMR (300 MHz. CDCI3) 5 7.49 9d. 2H). 7.31 (t,

2H), 7.11-6.95 (m, 5H), 2.40 (q, 2H), 1.25 (t, 3H).
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Example 39B

N-ProDvl-M.Dhenoxv)anilinft

To a solution of the crude amide resulting from Example 39A in

5 THF (30 mL) was added lithium aluminum hydride (1 .0M in TI-iF, 20

mL). After 14 hours, the reaction was cooled in an ice bath, and water

(0.80 mL), 15% NaOH (0.80 mL) and water (2.4 mL) were added

sequentially. The resulting mixture was filtered through ceiite. washed

with ether, and concentrated in vacuo to give the title compound (5.16 g,

10 91 % for 2 steps). < H NMR (300 MHz. CDCI3) 5 7.28 (m, 2H), 6.99 9t,

1H), 6.92 (m, 4H), 6.60 (d, 2H), 3.55 (bs. 1H). 3 0? (t, 2H), 1.65 (sextet,

2H), 1.01 (t,3H).

Example 39C

15 Ma.2B.3B.4a^-1.2-DirN-Dronvl-N.M.

phenoxvphenvnaminocarbonvncvclQbutan6-3.4-riina rboxylic aclrl

A mixture of the compound resulting from Example 39B (0.908 g,

4.0 mmol), 1,2,3,4-cyclobutanetetracarboxylic dianhydrlde (0.314 g, 1.6

mmol), triethylamine (0.69 mL, 4.'8 mmol) and DMAP (20 mg) in

20 acetonitrile (10 mL) were reacted, worked up and purified by the

procedures described in Example 38H to give the 1 ,3-diamide-2,4-

diacid as the first fraction (0.372 g, 36%) and the title compound as the

second fraction (0.514 g, 49%). "IH NMR (500 MHz, CDCI3) 5 7.40-6.98

(m. 18H), 3.80-3.36 (m, 8H). 1.48 (m, 4H), 0.82 (t. 6H). MS (CI) m/e 651

25 (M+H).
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Examole 40

M a.2R.3B.4aV1 2.DifN-r2.methoxvethvn.N.a.

phenoxyben2ynaminocarbonvl)cvclobutane-3.4-dicarhnyYljff j^q\^

5 Example 40A

N-(2-Methoxv^ethvl-N-U-Dhenoxvlben2vlaminB

A mixture of 4-phenoxybenzaldehyde (1.98 g. 10 mmol) and 2-

methoxyethylamine (0.751 g, 10 mmol) in etiianol (10 mL) was stirred for

1 hour. Acetic acid (1 mL) and sodium cyanoborohydride (10 mmol)

10 were added, and tiie reaction was stirred an additional 14 hours. The

reaction mixture was then partitioned between ether and 10% aqueous

sodium hydroxide solution. The organic layer was further washed with

water and brine, dried over anhydrous potassium carbonate, filtered and

concentrated in vacuo to give the title compound (2.48 g, 97%). ""H NMR
15 (300 MHz, CDCI3) 5 7.30 (m. 4H), 7.09 (t, 1H), 6.98 (m. 4H). 3.80 (s, 2H),

3.51 (t. 2H), 3.37 9s, 3H), 2.51 (t, 2H).

Example 40B

(^ ot.2B.3B.4aV1 2.DirN-r2.methoxvethvn.NW4-

20 Dhenoxvbenzvnaminocarbonvllcvclobutane-3.4-dicarboxvlie add

A mixture of the compound resulting from Example 40A (1.38 g,

5.36 mmol), 1 ,2,3,4-cyclobutanetetracarboxylic dianhydride (0.421 g,

2.15 mmol), triethylamine (0.90 mL, 6.5 mmol), and DMAP (50 mg) in

acetonitrile (15 mL) were reacted, worthed up and purified by the

25 procedures described in Example 38H to give the 1,3-diamide-2,4-

diacid as the first fraction (0.468 g, 31%) and the title compound as the

second fraction (0.807 g, 53%). ""H NMR (500 MHz, DMSO) 6 7.40-6.97

(m, 18H), 4.87-4.66 (m, 2H), 4.45-4.26 (m, 2H). 4.13 - 3.88(m, 2H). 3.67-

3.48 (m, 4H). 3.47-3.30 (m. 4H). 3.19-3.13 (4 s's. 6H). 3.20-3.01 (m. 2H).

30 MS (FAB+) m/e 71 1 (M+H).
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Example 41

Ma.2B.3B.4a)-1.2.DifN-f2.methvlthioethvn.M.a.

Dhenoxvben2vnaminocarbonvncvclobutanP-3.4-dicarbQyynf; ariri

5 Example 41A
N-^2-Methvlthio^ethvl-N-f4-phfinnxy^ben2vlamine

Following the procedures described in Example 40A. 4-

phenoxybenzaldehyde (1.98 g, 10 mmol) and 2-(methylthio)ethylamine

(0.912 g, 10 mmol) were combined to give the title compound (2.53 g,

10 93%). 1H NMR (300 MHz. CDCI3) 5 7.32 (m. 4H), 7.09 (t. 1H), 6.97 (m,

4H). 3.80 (S, 2H). 2.84 9t. 2H). 2.68 (t. 2H), 2.10 (s. 3H).

Example 41

B

n a.2B.3B.4aV1 2-DirN./2.m6thvlthinQthvn-N-M.

15 DhenoxvbenzynaminQcarbonvncvctQbutan6.a 4-riicarbQxvlic arirt

A mixture of the compound resulting from Example 41A (0.682 g,

2.5 mmol), 1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.196 g, 1.0

mmol), triethylamine (0.42 mL, 3.0 mmol) and DMAP (12 mg) in

acetonltrile (10 mL) were reacted, worked up and purified by the

20 procedures described in Example 38H to give the 1 ,3-diamide-2,4-

diacid as the first fraction (0.214 g, 29%) and the title compound as the

second fraction (0.274 g, 37%). lH NMR (500 MHz, CDCI3) 5 7.32-6.87

(m, 18H). 4.70-4.14 (m, 6H), 3.97-3.84 (m, 2H), 3.76-3.23 (m, 4H), 2.53

(m. 4H). 2.02 (4 s's, 6H). MS (FAB+) m/e 743 (M+H).

25

Example 42

Ma.2B.3B.4aV1.2-DirN-fg-ethvlthinBthvn.N.(4.

Dhenoxvbenzvl)amlnocarbonvl1cvclobtJtane-3.4.dir:arboxvliR aniri

Following the procedures described in Example 40A, 4-

30 phenoxybenzaldehyde (1.98 g, 10 mmol), 2-(ethylthio)ethylamine

hydrogen chloride (1.42 g, 10 mmol) and 20 mmol of sodium acetate

were combined to give N-(2-ethylthio)ethyl-N-(4-phenoxy)benzylamine

(2.72 g. 95%). 1H NMR (300 MHz, CDCI3): 6 7.33 (m, 4H). 7.09 (t, IN),
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6.98 (m. 4H), 3.78 (s. 2H), 2.84 (t, 2H). 2.71 (t, 2H), 2.54 (q, 2H), 1,26 (t,

3H).

A mixture of the amine prepared above (0.718 g, 2.5 mmol),

1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.196 g, 1.0 mmol),

5 triethylamine (0.42 mL, 3.0 mmol) and DMAP (24 mg) in acetonitrile (10

mL) were reacted, worked up and purified by the procedures described

in Example 38H to give the 1,3-diamide-2,4-diacid as the first fraction

(0.207 g, 27%) and the title compound as the second fraction (0.398 g,

52 %). IH NMR (500 MHz, CDCI3) 5 7.32-6.87 (m, 18H), 4.73-4.12 (m,

10 6H), 3.98-3.86 (m, 2H). 3.78-3.25 (m, 4H), 2.59 (m, 4H), 2.46 (m, 4H),

1.17 (m. 6H). MS (FAB+) m/e 771 (M+H).

Example 43

f1a.2p.3B.4a)-1.2>DifN-f2-fluoroethvn-N^r4>

15 phenoxybenzynaminocarbonvl]cvclobutane-3.4>dicarboxylic acid

Following the procedures described in Example 40A, 4-

phenoxybenzaldehyde (1.98 g, 10 mmol), 2-fluoroethylamine hydrogen

chloride (0.995 g, 10 mmol) and 20 mmol of sodium acetate were

combined to give N-(2-fluoro)ethyl-N-(4-phenoxy)benzylamine (2.15 g,

20 88%). 1H NMR (300 MHz, CDCI3) 5 7.33 (m, 4H). 7.09 (t, 1H), 6.97 (m,

4H), 4.57 (dt, 2H), 3.73 (s, 2H), 2.94 (dt, 2H).

A mixture of the amine prepared above (0.613 g. 2.5 mmol).

1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.196 g, 1.0 mmol).

triethylamine (0.42 mL, 3.0 mmol) and DMAP (12 mg) in acetonitrile (10

25 mL) were reacted, worked up and purified by the procedures described

In Example 38H to give the 1,3-diamide-2,4-diacid as the first fraction

(0.195 g, 28%) and the title compound as the second fraction (0.377 g,

55 %). 1H NMR (500 MHz, DMSO) 6 7.39-6.90 (m, 18H). 4.88-4.73 (m,

2H), 4.65-4.15 (m, 6H). 4.06-3.90 (m, 2H). 3.85-3.61 (m, 4H), 3.25 (m,

30 2H). MS (FAB+) m/e 687 (M+H).
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Examole 44

na.2B.3B.4aV1.2-DirN.^furan.3-vlmAthyi).M-{4.

Dhenoxvben2vhaminocarbonvnevclQbutqn6-3.4.riiffarboxvlic acid

Following the procedures described In Example 40A, 4-

5 phenoxybenzaldehyde (1.98 g, 10 mmol) and furfurylamlne (0.971 g, 10
mmol) were combined to give N-(furan-2-yl)methyl-N-(4-

phenoxy)benzylamine (2.43 g. 87%). "iH NMR (300 MHz. CDCI3) 6 7.30

(m, 5H), 7.09 (t. 1H). 6.98 (m. 4H). 6.34 (m, 1H). 6.19 (m. 1 H). 3.80 (s.

2H), 3.77 (s, 2H).

10 A mixture of the amine prepared above (0.698 g, 2.5 mmol),

1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.196 g, 1.0 mmol),

triethylamine (0.42 mL, 3.0 mmol) and DMAP (12 mg) in acetonitrile (10

mL) were reacted, worked up and purified by the procedures described

In Example 38H to give the 1.3-diamide-2,4-diacid as the first fraction

15 (0.251 g. 34%) and the title compound as the second fraction (0.438 g,

58 %). 1H NMR (500 MHz. CDCI3) 5 7.39-6.90 (m. 20H). 6.27-6.13 (m.

4H). 4.89-3.92 (m. 12H).. MS (DC!) m/e 755 (M+H).

Example 45

20 na.2p.3p.4«V1.2-DirN-rthien-2-vlmRthvh-M.M-

phenoxvbenzvnaminocarbonvllcvclQbutanf^.3.4.riir:arhnYYiir> ^^ih

Following the procedures described in Example 40A, 4-

phenoxybenzaldehyde (1.98 g, 10 mmol) and 2-thienylmethylamine

(1.13 g. 10 mmol) were combined to give N-(thien-2-yl)methyl-N-(4-

25 phenoxy)benzylamlne (2.87 g, 97%). ^H NMR (300 MHz, CDCI3) 5

7.35-6.92 (m, 12H). 4.01 (s. 2H), 3.81 (s, 2H).

A mixture of the amine prepared above (0.738 g, 2.5 mmol),

1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.196 g, 1.0 mmol),

triethylamine (0.42 mL, 3.0 mmol) and DMAP (12 mg) in acetonitrile (10

30 mL) were reacted, worked up and purified by the procedures described

in Example 38H to give the 1,3-diamide-2,4-diacid as the first fraction

(0.1 93g, 25%) and the title compound as the second fraction (0.382 g,
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49 %). 1H NMR (500 MHz, CDCI3) 8 7.37-6.82 (m. 24H). 4.89-3.97 (m,

12H). MS (DCI) m/e 787 (M+H).

Example 46

5 Mftgp.3p.4aM.2-DifN-(2-ethvlthiQfithyh-N.r4-

phPnvlthiQben7vnaminQcarbonvl1cvclobutane-3.4-diGarboxylift aniri

Following the procedures described in Example 40A, 4-

phenylthlobenzaldehyde, 2-(ethylthio)ethylamine hydrochloride, sodium

acetate and sodium cyanoborohydride are reacted to give N-(2-

10 ethylthio)ethyl-N-(4-phenylthio)benzylamine.

A mixture of the amine prepared above, 1 ,2,3,4-

cyciobutanetetracarboxylic dianhydride, triethylamine and DMAP in

acetonilrile are reacted, worked up and purified by the procedures

described in Example 38H to give the title compound.

15

Example 47

M «.gp.3p.4«V1 2.DifN.fcvcloDroDvlmethyl).NI.r4.

phenoxvbenzvnaminocarbonyncvclobutane-3.4-dicarboxylic acid

20 Example 47

A

N-(cyclopropvlmethvlVN-f4-Dhenoxvbenzvl)amin6

4-Phenoxybenzaldehyde (3.0 g, 15.1 mmol) and

cyclopropylmethylamine (1.1 g, 15.1 mmol) were dissolved in methanol

(85 mL) under nitrogen at room temperature. Sodium

25 cyanoborohydride (0.95 g, 15.1 mmol) was added, and stirring was

continued for 48 hours. The solvent was evaporated under reduced

pressure, and the residue was suspended in ether, washed with brine,

and dried over NaaSOA. The ether was evaporated, and the crude

product was chromatographed on silica gel eluting with 3% methanol-

30 methylene chloride to provide 3.0 g (78%) of the title compound as a

colorless oil. ""H NMR (CDCI3. 300 MHz) 8 0.08-0.15 (m, 2H), 0.45-0.55

(m, 2H). 0.93-1.05 (m, 1H), 1.45 (br s. 1H), 2.50 (d. J=7.5 Hz. 2H). 3.78
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(s, 2H), 6.95-7.03 (m, 4H). 7.05-7.13 (m, 1H). 7.25-7.38 (m, 4H). MS
(DCI/NH3) m/e 254 (M+H)+.

Example 47R

5 ( 1 a.2B.3B.4a^1 2.DirN./ftvnloDropvlmftthvn.M.f4.

Dheno)CVben2vnaminocarbonvnGvnlohiitane-.q 4-riinarboyvlin a^j^

A slurry of 1,2,3,4-cyclobutanetetracarboxylic dianhydrlde (1.0 g,

5.0 mmol) In acetonltrile (17 mL) under nitrogen at room temperature

was treated with a solution of tlie compound resulting from Example 47A
10 (2.5 g, 10.0 mmol) in acetonltrile (20 mL). The resulting suspension was

refluxed for 15 hours, the solvent was evaporated, and the residue was
chromatographed on silica gel eluting with 98:1:1 chloroform-methanol-

acetic acid to provide a wet foam. The foam was dissolved in

acetonltrile (7 mL), triturated with water, and lyophilized to provide 1 .2 g
15 (34%) of the title compound as a white powder, m.p. 89-91 °C. 1H NMR

(DMS0-d6, 300 MHz) 50.01-1,25 (m, 4H), 0.27-0.52 (m, 4H). 0.80-0.96
(m. 2H), 2.68-2.92 (m. 2H), 3.20-3.55 (m, 2H), 3.56-3.68 (m, 2H), 3.89-

4.98 (m. 1H), 4.00-4.10 (m. 1H), 4.28-4.58 (m. 2H), 4.65-4.89 (m, 2H),

6.85-7.04 (m, 8H). 7.08-7.30 (m, 6H), 7.33-7.43 (m. 4H). 12.11-12.20 (br

20 s,2H). MS (FAB) m/e 703 (M+H)+.

Example 4a

f1a.2B.3B.4a)-1.2-DirN.RvHobutvl.N-M-

PhenoxvbenzvnaminocarbonvllGvclohiitane-3.4-riirarboxvlir: aniri

25 Following the procedures described In Example 47A and
substituting cyclobutylamine (1 .8 g, 25.0 mmol) for

cyclopropylmethylamlne afforded 5.63 g (89%) of N-cyclobutyl-N-(4-

phenoxybenzyl)amine as a colorless oil. 1H NMR (CDCI3, 300 MHz) 6
1.56-1.80 (m, 5H), 2.15-2.30 (m, 2H), 3.25-3.39 (m, IN), 3.68 (s, 2H).

30 6.94-7.04 (m. 4H), 7.05-7.15 (tt, J=7.5. 1.5 Hz, 1H), 7.25-7.38 (m, 4H).

MS (DCI/NH3) m/e 254 (M+H)+.

Following the procedures described in Example 47B and using

the amine prepared above (5.2 g, 20.0 mmol) provided the title
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compound as a wet foam after chromatography. The foam was

dissolved in acetonitrile (15 mL), triturated with water, and lyophilized to

provide 2.3 g (33%) of the title compound as a white powder, m.p. 110-

112 °C. '»H NMR (DMSO-de. 300 MHz) 6 1.44-1.64 (m. 4H), 1.80-2.19

5 (m, 10H), 3.48-3.57 (m, 1H), 3.60-3.80 (m, 2H). 3.90-4.50 (m. 1H). 4.20-

4.75 (m, 4H), 6.84-7.02 (m. 8H). 7.04-7.28 (m. 6H), 7.30-7.44 (m, 4H)

12.20-12.31 (br s. 2H). MS (FAB) m/e 703 (M+H)+

Example 49

10 (1ft.2B.3B,4tt)-i,2-Di[N-CYClPPgntyhN-f4-

phenQxybenzyl)aminocarbonyl]cyclobutane-3.4-dicarboxylic acid

Following the procedures described in Example 47A and

substituting cyclopentylamine (2.5 g, 25.0 mmol) for

cyclopropylmethylamine afforded 5.5 g (83%) of N-cyclopentyl-N-(4-

15 phenoxybenzyl)amine as a colorless oil. 1H NMR (CDCI3, 300 MHz) 5

1.31-1.45 (m, 2H). 1.49-1.65 (m, 2H), 1.65-1.80 (m, 3H). 1.8M.95 (m.

2H). 3.15 (p, J=7.5 Hz, 1H), 3.75 (s, 2H), 6.94-7.04 (m. 4H), 7.05-7.14 (m,

1H), 7,25-7.40 (m, 4H). MS (DCI/NH3) m/e 268 (M+H)+

Following the procedures described in Example 47B and using

20 the amine prepared above (5.4 g, 20.0 mmol) provided the title

compound as a wet foam after chromatography. The foam was

dissolved in acetonitrile (15 mL). triturated with water, and lyophilized to

provide 2.19 g (30%) of the title compound as a white powder, m.p. 115-

118 ^C. ">H NMR (DMSO-de, 300 MHz) 5 1.35-1.85 (br m, 18H). 3.48-

25 3.58 (m, 1H), 3.60-3.68 (m, 1H). 3.98-4.36 (m. 4H), 4.45-4.55 (m. 2H),

6.82-7.04 (m, 8H). 7.06-7.17 (m, 3H), 7.18-7.28 (m. 3H). 7.29-7.44 (m.

4H), 12.01-12.27 (br s, 2H). MS (FAB) m/e 731 (M+H)+
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Example 50

n a.2B.3B.4aVl .P-DirN-cvnlnhRYyl-Nl-f^.

PhenQXVbenzvnaminocarbonvl1cvclobiJtane-3.4.riif>flrboxvlic aniri

Following the procedures described in Example 47A and

5 substituting cyclohexylamine (2.5 g, 25.0 mmol) for

<yclopropylmethylamine afforded 6.4 g (91%) of N-cyclohexyl-N-(4-

phenoxybenzyOamine as a colorless oil. NMR (CDCI3, 300 MHz) 5
1.05-1.35 (m, 5H). 1.55-1.65 (m. 1H). 1.70-1.80 (m. 3H), 1.85-2.00 (m.

2H). 2.45-2.55 (m, 1H), 3.80 (s, 2H), 6.95-7.04 (m. 4H), 7.05 (tt. J=7.5.

10 1.5 Hz. 1 H), 7.25-7.35 (m, 4H). MS (DCI/NH3) m/e 282 (M+H)+.

Following the procedures described in Example 47B and using

the amine prepared above (5.6 g, 20.0 mmol) provided the title

compound as a wet foam after chromatography. The foam was
dissolved in. acetonltrlle (15 mL). triturated with water, and lyophilized to

15 provide 2.9 g (38%) of the title compound as a white powder, m.p. 1 33-

135 "C. IH NMR (DMS0-d6. 300 MHz) 5 0.82-1.78 (br m, 22H). 3.48-

3.69 (m, 2H). 3.64-3.73 (m, 1H). 3.84-3.94 (m. IN), 4.10-4.64 (m, 4H).

6.80-7.05 (m, 8H). 7.07-7.18 (m, 3H). 7.19-7.44 (m, 7H), 12.15-12.29 (br

s,2H). MS (FAB) m/e 759 (M+H)+.

20

Example 51

(1 a.2R.3B.4aV1 .g-DirN-fcvclonfintylmethyh-N-fA.

Phenoxvbenzvl)aminocarbonvi]cvclobiitane.3 4-riinflrbQxvlin amri

25 Example 51A

N-fCvclODentvlmethvnaminfl

A cooled (0 "C) solution of cytopentanecarbonitrile (5.0 g, 53
mmol) in THF (175 mL) was treated with 1 M LAH in THF (53 mL). The
solution was refluxed for 2 hours then cooled to 0 °C and quenched with

30 Na2SO4-10H2O. The suspension was diluted with THF and filtered

through a pad of celite. Removal of the solvent in vacuo provided 4.9 g
(95%) of the title compound as a pale green oil which was used without

further purification. ""H NMR (CDCI3, 300 MHz) 5 1.10-2.10 (br m, 10H),



wo 95/12572 FCTAIS94/12132

•87-

2.60 (d. J=7.5 Hz, 2H), 2.74-2.79 (m. 1H). MS (DCI/NH3) m/e 100

(M+H)+

Example 51

B

5 M a.2p.3p.4raV1 2-DirN-fcvclODentvlmethvlVN-M-

phenoxybenzynaminocarbonvncvclobutane-3.4-dicarboxylic acid

Following the procedures described In Example 47A and

substituting the compound resulting from Example 51 A (1.49 g. 15.1

mmol) for cyclopropylmethylamine afforded 3.4 g. 80% of N-

10 ((7clopentylmethyl)-N-(4-phenoxybenzyl)amine as a colorless oil.

NMR (CDCI3. 300 MHz) 5 1.10-1.24 (m. 2H), 1.45-1.67 (m. 4H), 1.71-

1.90 (m, 3H). 2.06 (p, J=7.5 Hz. 1H), 2.58 (d, J=7.5 Hz. 2H), 3.79 (s. 2H).

6.95-7.05 (m, 4H), 7.09 (tt, J=7.5, 1.5 Hz, 1H), 7.28-7.38 (m. 4H). MS
(DCI) m/e 282 (M+H)+.

15 Following the procedures described in Example 47B and using

the amine prepared above (5.6 g, 20 mmol) provided the title compound

as a wet foam after chromatography. The foam was dissolved In

aoetonitrlle (15 mL). triturated with water, and lyophilized to provide 2.8

g (37%) of the the title compound as a white powder, m.p. 98-99 1H

20 NMR (DMSO-d6. 300 MHz) 5 1 .00-1 .22 (m, 4H). 1 .34-1 .70 (m, 1 6H),

2.00-2.18 (m. 2H), 2.75-3.00 (m, 1H). 3.13-3.70 (m. 2H). 3.66-4.06 (m,

1H), 4.22-4.40 (m, 2H). 4.60-4.78 (m, 2H). 6.85-7.04 (m, 8H), 7.08-7.29

(m, 6H). 7.32-7.44 (m, 4H). 12.17-12.34 (br s, 2H). MS (FAB) m/e 759

(M+H)+.
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Example 52

f1a.2p.3p.4aVl.2-DifN-rcvclobutvlmethvn-N.M.

phenQxybenzyhaminQcarbonvncvclobutane-3.4-dicarboxvlic acid

5 Example 52A

N-f4.phenoxvbenzvncvclobutanecarboxamidft

To a cooled (0 °C) solution of cyclobutanecarboxylic acid (0.26 g,

2.6 mmol). 4-phenoxybenzylamine hydrochloride (0.62 g, 2.6 mmol),

HOBt, (0.71 g, 5.2 mmol) and triethylamlne (1.1 mL. 7.83 mmol) in TT-IF

10 (9 mL) was added EDCI (0.55 g, 2.6 mmol). The mixture was stin-ed for

18 hours at room temperature. The solvent was removed, and the

residue was suspended in ether and washed with 0.1 N HCI, 5%
NaHCOa and brine. The ether layer was dried (MgS04), filtered through

a plug of silica gel and concentrated in vacuo to provide 0.70 g (96%) of

15 the title compound as a white solid, m.p. 69-71 "C. NMR (CDCI3,

300 MHz) 5 1.80-2.06 (m, 2H). 2.10-2.14 (m, 2H). 2.15-2.39 (m. 2H),

3.02 (pd. J=7.5, 1.2 Hz. 1H), 4.41 (d. J=6 Hz, 2H), 5.55 (brs, 1H), 6.94-

7.04 (m, 4H), 7.08-7.15 (tt. J=7.5. 1.5 Hz. 1H). 7.20-7.28 (m. 2H). 7.30-

7.38 (m. 2H). MS (DCI/NH3) m/e 282 (M+H)+.

20

Example 52B

N-rCyclQbutvlm6thvn-N-r4-phenQxvbfin2vnamine

A cooled (0 °C) solution of the compound resulting from Example

52A (0.60 g, 2.1 mmol) in THF (7 mL) was treated with 1 M LAH In THF
25 (2.1 mL). The solution was refluxed for 2 hours then cooled to 0 °C and

quenched with Na2SO4-H10H2O. The suspension was diluted with THF
and filtered through a pad of celite. Removal of the solvent provided

0.56 g (99%) of the title compound as a colorless oil. ''H NMR (CDCI3,

500 MHz) 5 1.15 (brs, 1H), 1.62-1.70 (m, 2H), 1.80-1.98 (m, 2H), 2.02-

30 2.10 (m, 2H), 2.50 (p. J=7.5 Hz, 1H), 2.65 (d. J=7.5 Hz, 2H), 3.75 (s, 2H),

6.95-7.02 (m, 4H), 7.05-7.10 (tt. J=7.5,1.2 Hz, 1H). 7.25.-7.35 (m, 4H).

MS (DCI/NH3) m/e 268 (M+H)+.
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Example 52C

(1fi.2p.3p.4ntV1.2.Di[N-fcvclobutvlmpthvn-N-f4.

phenoxybenzynaminocarbonvl1cvclobutane-3.4-dicarboxylic acid

Following the procedures described in Example 47B and using

5 the compound resulting from Example 52B (0.25 g, 0.94 mmol) provided

the title compound as a wet foam after chromatography. The foam was

dissolved In acetonltrlle (2 mL), triturated with water, and lyophilized to

provide 100 mg (29%) of the the title compound as a white powder, m.p.

"94-95 °C. ""H NMR (DMSO-de, 300 MHz) 5 1.55-2.00 (m, 12H), 2.90-

10 3.01 (m, 1H). 3.04-3.15 (m, 1H), 3.35-3.46 (m. 3H), 3.51-3.68 (m, 3H),

3.82-3.97 (m, 1H), 4.00-4.14 (m. 1H), 4.18-4.35 (m, 2H), 4.60-4.83, (m.

2H), 6.89-7.05 (m, 8H), 7.09-7.17 (m. 2H). 7.18-7.28 (m, 4H), 7.34-7.44

(m. 4H), 12.00-12.27 (br s. 2H). MS (FAB) m/e 731 (M+H)+.

15 Example 53

Mft.gp.3p4rt^-1.2.DifN-/4-fluQrQbengyh.N.(4.

phenQxvbenzvnamlnocarbonvncvclobutane-3.4-dicarboxylie acid

Example 53A

20 N-f4-Fluorobenzyl)-N-(4-phenoxvbenzvnamine

4-Phenoxybenzaldehyde (1.0 g, 5.0 mmol) and

4-fluorobenzylamine (631 mg, 5.0 mmol) were dissolved in methanol

(17 mL) under nitrogen at room temperature. Sodium cyanoborohydride

(317 mg, 5.0 mmol) was added, and stirring was continued for 48 hours.

25 The solvent was evaporated and the residue was suspended In ether,

washed with brine, and dried over Na2S04. The ether was evaporated,

and the crude product was chromatographed on silica gel eluting with

3% methanol-methylene chloride to provide 1 .5 g (97%) of the title

compound as a colorless oil. NMR (CDCI3, 300 MHz) 5 1.55 (s, 1H),

30 3.76 (s, 2H), 3.78 (s, 2H), 6.95-7.15 (m, 7H). 7.25-7.40 (m, 6H). MS
(DCI/NH3) m/e 308 (M+H)+.
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Examole S3R

(1«.2B.3B.4a)-1.2-DirN-M-fluorohPn7vi\-fv|.f4.

DhenQXVbRnzvl)aminocarbonvncvRlnhiitqne.3 4-riinflrboxvlift a>^
i(j

A slurry of 1,2,3,4-cyclobutanetGtracarboxylic dianhydride (450

5 mg, 2.3 mmol) In acetonltrlle (4 mL) under nitrogen at room temperature
was treated with a solution of the compound resulting from Example 53A
(1.4 g, 4.6 mmol) in acetonltrlle (6 mL). The resulting suspension was
refluxed for 15 hours. The solvent was evaporated, and the residue was
chromatographed on silica gel eluting with 98:1:1 chloroform-methanol-

10 acetic acid to provide a wet foam. The foam was dissolved in

acetonltrlle (5 mL), triturated with water, and lyophillzed to provide 890
mg (48%) of the title compound as a white powder, m.p. 97-99 °C.

NMR (DIVISO-de. 300 MHz) 5 3.66-3.74 (m. 2H), 3.95-4.24 (m. 2H), 4.62-

4.73 (m, 4H). 4.80-4.88 (m. 4H). 6.90-7.28 (m. 18H), 7.34-7.42 (m, 8H).

15 12.62-12.75 (br s, 2H). MS (FAB) m/e 81 1 (M+H)+.

Example 54

(1a.2B.3B.4ffi)-1.2-DirN-f4-Dhenoxvbenyx/n.NI.(3.methnyvphar^othy'
}

aminocarbonvncvclohutane.3.4-riinarboyylir ariH

20

Example 54A

N-rp-Dhenoxyhftn7yl)-N-(m-mfithnxvDhfinPthvl)flmino

A solution of 4-ben2oxybenzaldehyde (2.5 g, 12.6 mmol), 3- .

methoxyphenethyl amine (1.9 g, 12.6 mmol), a catalytic amount of p-

25 toluenesulfonic acid monohydrate in absolute ethanol (12 mL) was
stirred at 80 "C for 1.5 hours. After cooling to room temperature, NaBH4
(0.49 g, 13.0 mmol) was added In portions. The reaction mixture was
stirred at 80 for 1 hour, then cooled to room temperature, and the

ethanol was removed in vacuo . Water was added to the residue and
30 the mixture was extracted with ethyl acetate. The combined extracts

were washed with saturated NaCI, dried over MgS04, filtered, and
solvent removed in vacuo to afford a colorless oil which was purified by
silica gel chromatography eluting with 20% ethyl acetate in hexane
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saturated with NH3 to afford the title compound (3.2 g, 76%) as a

colorless oil. MS (DCI/NH3) m/e 334 (M+H)+ H NMR (CDCI3, 300

MHz) 82.82 (t, 2H). 2.92 (t. 2H), 3.77 (s. 2H), 3.80 (s. 3H). 6.80 (m, 3H),

6.98 (m. 3H), 6.08 (t, 1H), 7.22 (m. 3H). 7.32 (t. 2H).

5

Example 54B
r1 tt.gp.3p.4«V 1 .g-DifN-M-DhenQxybenzyn-N-f3-methQxyDhenethyl^

aminocarbonyllcyciobutane-3.4-dicarboxylic acid

A solution of the product from Example 54A (1.26 g, 3.8 mmol),

10 1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.38 g, 1.95 mmol),

triethylamine (0.053 mL, 3.8 mmol), and CH3CN (14 mL) was stirred at

room temperature for 3 hours. The solvent was removed in vacuo, and

the residue was dissolved in ethyl acetate, washed successively with 1

N HCI and saturated NaCI, dried over MgS04, filtered, and evaporated

15 to afford a white foam. The crude product (1 .8 g) containing both

isomers was purified by silica gel chromatography eluting with

97:2.5:0.5 CHCb-MeOH-HOAc. The slower running isomer was

collected to afford 0.40 g (24%) of the desired product. NMR (300

MHz, CDCI3) 6 2.71 (q. 4H). 3.21 (m. 2H). 3.40 (m, 3H). 3.70 (d.3H), 3.70

20 (m. 2H), 3.72 (d, 3H), 3.90 (m, 3H), 4.1 6 (m, 2H), 4.25 (m, 2H), 4.35 (m,

1H). 4.45 ( d, 2H), 4.55 (d, 1H). 6.68 (m. 5H), 6.85 (m, 3H), 6.92 ( m, 5H).

7.05 (m, 8H), 7.25, (m, 5H). MS (FAB) m/e 863 (M+H)+.

Example 55

25 na.2p.3p.4aV1.2-DirN-r4-Dhenoxvbenzvn-N-f3.4-dimethQxyphenethyn

aminocarbonyncvclobutane-3.4-dicarboxylic acid

Using the procedures described in Example 54A, but substituting

3,4-dimethoxyphenethyiamine for 3-methoxyphenethylamine, provided

N-(4-phenoxybenzyl)-N-(3,4-dimethoxyphenethyl)amine. ""H NMR (300

30 MHz. CDCI3) 8 2 78 (t, 2H), 2.90 (t, 2H). 3.78 (s, 2H) 3.88 (s, 3H). 6.78

(m, 3H), 6.98 (t. 4 H), 7.09 (t. 1H). 7.26 (t. 2H). 7.32 (t. 2H). MS
(DCI/NH3) m/e 364 (M+H)+.
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The amine prepared above was reacted by the procedures

described In Example 54B to provide the title compound. Ih NMR (300
MHz, CDCI3) 5 2.70 (q. 4H). 3.10-3.50 (m, 4 H), 3.78 (s, 12H), 3.92 (m.

2H), 4.02-4.32 (m, 4H). 4.55 (q. 2H). 6.59-6.75 ( m. 6H). 6.85 (m. 3H),

5 6.94 (t. 4H), 7.09 (m, 6H). 7.28 (m. 5H). MS (FAB) m/e 923 (M+H)+

Example Sfi

(1a.2B.3B.4aM.2-DirN-f4-Dhenoxvben2vn-N-phenethvlaminocarhnnyl]

cvclobutane-3.4-dicarboxvlic aoiri

10 Using the procedures described in Example 54A. but substituting

phenethylamine for 3-methoxyphenethylamine, provided N-(4-

phenoxybenzyO-N-phenethylamlne. iH NMR (300 MHz, CDCI3) 52.85
(t. 2H), 2.93 (t. 2H). 3.80 (s, 2H). 6.98 (m. 4H). 7.10 (t, 1H), 7.30 (m. 9H).

MS (DCI/NH3) m/e 304 (M+H)+

15 The amine prepared above was reacted by the procedures

described In Example 548 to provide the title compound. ""H NMR (300
MHz. CDCI3) 52.78 (q, 4H), 3.19-3.30 (m. 1H). 3.30-3.50 (m, 2H), 3.60-

3.80 (m. 2H), 3.90 (q, 2H). 4.1 1-4.29 (m, 2H). 4.34 ( t. 1H). 4.45 (m. 2H).

6 85 (m, 3H), 6.91 (m, 4H), 7.09 (m. 10H). 7.18 (m, 5H). 7.25 (m. eh).

20 MS (FAB) m/e 841 (M+K)"*".

Example 57

f1a.2B.36.4a)-1.2-DirN.M-nhenoxvhRn7yU.N-r3-nhftnvl.1.

DroDvnaminocarbonvncvclobutanfl-.^ 4-dicarhnyviir ar>j^

25 Using the procedures described In Example 54A, but substituting

3-phenyl-1 -propyl amine for 3-methoxyphenethylamine, provided N-(4-

phenoxybenzyl)-N-(3-phenyl-1-propyl)amine. ""H NMR (300 MHz.
CDCI3) 8 1.85 (p, 2H). 2.70 (m. 4H). 3.75 (s. 2H). 7.00 (t, 3H), 7.10 ( t.

1H). 7.20 (m, 3H). 7.30 (m, 7H). MS (DCI/NH3) m/e 318 (M+H)+

30 The amine prepared above was reacted by the procedures

described in Example 548 to provide the title compound. ""H NMR (300

MHz, CDCI3) 5 1.78 (m. 4H). 2.50 (q. 4H). 3.10 (m, 2H). 3.12 (m. 1H).

3.35-3.58 (m, 1H), 3.80-3.92 (m, 2H). 4.06 (t. 1H), 4.10-4.20 (m. 2H),
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4.39-4.59 (m, 3H), 6.82 (dd,3H). 6.94 (m, 6H). 7.12 (t, 2H). 7.28 (m, 5H).

MS (FAB) m/e 831 (M+H)+

Example 58

5 (1 fi.2p.3p.4(xV1 2-DifN-f4-Dhenoxvben7vn.N.(4.nhRnvl.l-

butynafninocarbQnvncvclobutane-3.4-diGarbQxvliR aniri

Using the procedures described in Example 54A, but substituting

N-(4-phenyl-1-butyi)amine for 3-metlioxyphenetliylamine, provided

(4-phenoxyben2yl)-N-(4-phenyl-1-butyl)amine. "iH NMR (300 MHz,

10 CDCI3): 5 1 .50-1 .72 (m, 4H). 2.65 (m. 4 H). 3.25 (s, 2H), 6.98 (t. 4H).

7.09 (t, IH), 7.19 (m, 3H). 7.30 (m, 6H). MS (DCI/NH3) m/e 332 (M+H)+.

The amine prepared above was reacted by the procedures

described in Example 54B to provide the title compound. ""H NMR (300

MHz, CDCI3) 8 1.50 (br m. 8 H), 2.52 (br dl, 4H), 3.02-3.28 (m, 3H), 3.35-
*

15 3.58 (m, IH), 3.81-3.95 (m, 2H), 4.00-4.20 (m, 2H), 4.21-4.65 (m, 4H),

6.90 (m, 7H). 7.05 (m, 10H). 7.25 (m. 7H). MS (FAB) m/e 859 (M+H)+.

Example 59

M K.2p.3p.4a)-1 2-DifN-r4-Ph6nQxvben7yh.N-

20 (methQXVcarbonylmethvhaminocarbonyl1cyclQbutane-3.4-dicarbQxylic

acid

Following the procedures described in Examples 1A and 13, the

title compound was prepared. ^H NMR (CDCI3. 500 MHz) 5 3.62-3.79

(m. 6H), 3.94-5.14 (m, 12H). 6.91-7.51 (m. 18H). MS m/e 739 (M+H)+

25

Example 60

(1 ot.gp.3p.4aV1 2-DifN-M-phenoxvbenzyl)-N-

/ethoicyearbQnylethyl)aminocarbonvncvclQbutane-3.4-dicarboxvlic acid

Following the procedures described in Examples 1A and 13, the

30 title compound was prepared. ^H NMR (CDCI3, 500 MHz) 6 1.25 (t, 6H,

J = 7H2). 2.56 (m, 2H), 3.73 (q, 4H, J =7Hz), 3.9-4.28 (m, 12H), 4.38 (m.

IH). 4.76 (rh. IH). 6.9-7.35 (m, 18H). MS m/e 795 (M+H)+.
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Example 61

na.2p.3p.4«M .2-DirN-propvl.M.(4.

CVClQhexvloxvben2vnaminocarbonvnRvnlnhiitflne-3 4.ritnarfv3xvlic acid

5 Example fi1A

4-fCvclohex-2-flnvloxv^ben7alriPhy^o

4-(Cyclohex-2-enyloxy)benzoic acid (25 g. 115 mmol) was
dissolved in 250 mL dry tetrahydrofuran and cooled to -10 "C under an
atmosphere of dry nitrogen. N-Methylmorphollne (12.6 mL, 1 15 mmol)

10 and isobutylchloroformate (15.9 mL, 1 15 mmol) were added. After 10
minutes at -10 °C the mixture was warmed to room temperature and
filtered. The volume was reduced to 50 mL under reduced pressure

before cooling to 0 °C and adding diisobutylaiuminum hydride (1.5 M in

toluene, 160 mL) over 10 minutes. After 30 minutes, the reaction was
15 wanmed to ambient temperature for 2 hours. The mixture was cooled in

an Ice bath, diluted with ether, quenched with methanol, and poured into

cold Rochelle's salt solution. The crude product was extracted with

ether, dried over Na2S04, and chromatographed eluting with 20% ethyl

acetate in hexane to give 4.24 g (18%) of 4.(cyclohex-2-enyloxy)ben2yl

20 alcohol.

The alcohol prepared above (4.24 g, 20.7 mmol) was dissolved In

250 mL methylene chloride under an atmosphere of dry nitrogen.

Pyrldinlum chlorochormate (5.62 g. 26.1 mmol) was added over 5
minutes. After stirring at ambient temperature for 72 hours, the mixture

25 was filtered through Celite and concentrated in vacuo. Flash silica gel

chromatography eluting with 10% ethyl acetate In hexane afforded 3.25

g (77%) of the title compound.
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Example 61

B

f 1 a.2p.3p.4aM .2-DifN-prQpyUN-r4-

cyclohexvloxvbenzvnaminocarbonvncvclobutane>3.4-dicarboxylic add

N-propyl-N-(4-cyclohexyloxybenzyl)amine was prepared by the

5 procedures described in Example 1A starting with the compound

resulting from Example 61 A.

The title compound was prepared using the amine prepared

above and the procedures described in Example 13. NMR (CDCI3,

500 MHz) 5 0.80 (m. 6H), 1.35 (m, 6H), 1.51 (m. 10H), 1.79 (m. 4H). 1.97

10 (m, 4H), 3.1 (m. 4H), 3.39 (m, 1H). 3.50 (m, 1H), 3.93-4.59 (m, 8H). 6.94

(m. 4H), 7.07-7.14 {m, 4H). MS m/e 691 (M+H)+.

Example e2

(1a.2p.3p.4aU1>[N-PrQpyl-N>(4>phenoxyben2ynamlnQcarbonvn-2-fN-

15 methyl-N-fhomQaeranvnaminocarbonvl1cyclQbutane-3.4>dicarbQxylic

acid

Example 62A

(1a.2p.3p.4a)-1-fN>Probyl-N-f4-phenoxybenzyl^aminQcarbQnyl]-

20 cvclQbutane-2.3.4-tricarbQxylic acid

To a solution of 1,2,3,4-cyclobutanetetracarboxylic dianhydride

(1.0 g, 5.1 mmol) and triethylamine (0,7 mL, 5.1 mmol) in acetonitrile (50

mL) under an atmosphere of dry nitrogen was added N-propyl-4-

phenoxybenzyl amine hydrochloride (1 equivalent). After stirring 18

25 hours, 1 M HCI was added and stirring was continued for 18 hours. The

mixture was diluted with ethyl acetate which was subsequently washed

with 1 M HCI and brine, dried over Na2S04, and concentrated in vacuo

to give 2.3 g of crude product.

A solution of crude triacid (1.1 g, 2.4 mmol) in methanol (25 mL)

30 was treated with an excess of ethereal diazomethane. Evaporation and

flash silica gel chromatography eluting with 50% ethyl acetate in hexane

afforded the corresponding pure triester (0.8 g, 67%). The pure triester

was dissolved in methanol (10 mL) and treated with 3M NaOH (5 mL) at
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40 °C for 48 hours. The reaction mixture was diluted with water and
washed with ethyl acetate. The aqueous solution was acidified to pH 2
with concentrated HCI. The product was extracted into ethyl acetate

which was then washed with brine, dried over Na2S04, and

5 concentrated under reduced pressure to give 0.73 g (99%) of the pure
triacid.

Example 62B
na.2B.3B.4aVl-rN-ProDvl-N-r4-phenQxvhftn7vl^aminQMrhonvn-3-fNl-

10 methvl-N-fhomOQeranvnaminQcarhnnyncvglohiitan6-3.4-dinarhnyyli(
^

acid

To a solution of the compound resulting from Example 62A (0.43

g, 0.94 mmol) in dimethylformamide (1 mL) and methylene chloride (10
mL) at 0 "C, was added dicyclohexylcarbodiimide (0.19 g, 0.94 mmol).

15 After 1 hour, N-methyl-N-(homogeranyl)amine (0.94 mmol) and
triethylamlne (0.39 mL. 2.8 mmol) were added. The reaction was
allowed to warm to ambient temperature and stirred for 18 hours. Ethyl

acetate was added to the reaction mixture which was then washed with

1 M HCI and brine, dried over Na2S04, and concentrated under

20 reduced pressure. The residue obtained was purified by flash silica gel

chromatography eluting with 94:5:1 chloroform-methanol-acetic acid to

give the title compound. NMR (CDCI3, 300 MHz) 5 0.85 (m, 3H), 1.61

(m. 6H). 1.68 (m. 3H). 2.00 (m, 8H), 2.92 (m, 5H). 3.66 (m, 2H), 4.03 (m,

3H). 4.55 (m. 3H). 5.05 (m, 2H), 6.85-7.35 (m. 9H). MS m/e 619 (M+H)+.
25

Example 63

(1a.2B.3B.4«^-1-rN.ProPvl.N-(4.DhenQyyhPn2vham!nnnarbonyl]-2.rM-

benzvl-N-M-Phenoxvbenzvl^aminocarbonvqRyclobutana-a
,

4.

dicarboxvlic aftirl

30 The title compound was prepared using the procedures

described in Example 62. ""H NMR (CDCI3, 300 MHz) 6 0.88 (m, 3H).

1.35 (m. 2H), 3.62-4.61 (m. 12H), 6.89-7.35 (m, 23H). MS m/e 727
(M+H)+.
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Example 64

na.2p.3p.4a)-1-rN>ProDvl-N-(4-phenoxvben2vl)aminocarbonyn-2>[N^M.

Dhenoxvben2vhaminocarbonvncvclobutane>3.4-dicarboxylic acid

5

Example 64A

4-PhenQxyt?engyl alcohol

A solution of 4-phenoxybenzaldehyde (10.0 g, 50 mmol) and 10

mL dry THF was added dropwise to a 0 ""C suspension of lithium

10 aluminum hydride (2.1 g, 55.3 mmol) and 100 mL dry THF. The reaction

mixture was stirred for 1 hour at 0 ''C. then was quenched successively

with 2.1 mL H2O. 2.1 mL 10% NaOH. and 6.3 mL H2O. The resultant

slurry was stirred for 1.5 hours at room temperature, then was filtered

through Celite and the filtrate was evaporated under reduced pressure

15 to afford the title compound (9.9 g) as a white solid. H NMR (300MHz,

CDCI3) 5 1.68 (t. 1H), 4.68 (d, 2H), 7.00 (m, 4H). 7.10 (t, 1H). 7.35 (m,

4H). MS(DCI/NH3)m/e183(M+1.-H20)+

Example e4B

20 4-Phenoxvben2vl phthalimide

To the compound resulting from Example 64A (5.0 g, 25 mmol)

was added to a solution of lithium bromide (4.4 g, 51 mmol),

trimethylsilyl chloride (8.2 mL, 64 mmol), and 51 mL acetonitrile. The

reaction mixture was stirred at reflux for 2 hours, then was cooled to

25 room temperature. Water (25 mL) was added, the acetonitrile was

removed under reduced pressure, and the aqueous layer was extracted

with ether. The combined organic extracts were washed with saturated

aqueous sodium bicarbonate and brine, dried (MgS04), filtered, and

solvent evaporated in vacuo to afford 5.35 g clear oil. The crude

30 bromide (20.3 mmol) was stirred at room temperature for 24 hours with

potassium phthalimide (4.2 g, 22.1 mmol) and 45 mL DMF. Water was

added and the mixture was extracted with methylene chloride. The

combined organic extracts were washed with water (2x), 1 N HCI and



wo 95/12572 PCT/US94/12132

-98-

brine, dried (MgS04), filtered, and evaporated under reduced pressure

to afford the title compound (7.9 g) as a white solid. Ih NMR (300 MHz,
CDCI3) 8 4.83 (s. 2H). 6.95 (dd, 4H). 7.10 (t. 1H), 7.31 (t, 2H), 7.42 (d,

2H), 7.71 (m. 2H), 7.88 (m, 2H). MS (DCI/NH3) m/e 347 (M+H+NH3)+
5

Example 64C

N-M-Phenoxvhfinyvl)flmjnft

The compound resulting from Example 648 (6.7 g, 20.4 mmol),

hydrazine (2.1 mL, 35 wt. % in water) and 130 mL absolute ethanol were
10 stirred at reflux for 4 hours. After cooling to room temperature, the solid

present was filtered and air dried briefly. The solid was then partitioned

between 1 N KOH and methylene chloride. The layers were separated

and the aqueous layer was extracted 2 more times with methylene

chloride. The combined organic layers were washed with water and
15 brine, dried (MgS04), filtered, and evaporated in vacuo to afford the title

compound (2.7 g) as a clear oil. 1 H NMR (300 MHz. CDCI3) 6 1 .48 (s,

2H), 3.87 (s, 2H). 7.00 (m, 3H), 7.10 (t, IN), 7.30 (m, 5H). MS (DCI/NH3)

m/e 200 (M+H)+ 217 (M+H+NH3)+.

20 Example 64D

(1tt.2B.3B.4aV1-rN-ProDv!-N-f4-Dhenoxvhfin7.vnaminnoarhonvn-P.rMW4-

Dhenoxvbenzvnaminocarbonvi)cvclohiitane-3.4-riirarboxvlin arlH

The compound resulting from Example 62A was reacted with the

compound resulting from Example 64C by the procedures described in

25 Example 62B to give the title compound. ""H NMR (CDCI3, 300 MHz) 8
0.88 (m. 3H), 1.35 (m, 2H), 3.5-4.3 (m, 11H), 6.83-7.33 (m, 18H). MS
m/e 635 (M-H)-.
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Examplg 65

f1a.2B.3B,4aV1.2-Di-f4-Dhenoxvben2vloxvcarbonvn-3.4-dicarbQ^^

acid

5 Example 65A

4-Ph6nQxyb6n2yl alcohol

A solution of 4-phenoxybenzaldehyde (5.0 g, 25 mmol) in dry

tetrahydrofuran (10 mL) at 0 was treated with borane (1 M in

tetrahydrofuran, 1 1.25 mL). After 45 minutes, the reaction was

10 quenched with saturated NH4CI, diluted with ethyl acetate, and washed

with 1 M HCI, 5% NaHCOs. and brine, and dried over Na2S04, and

concentrated under reduced pressure to give 4.7 g (92%) of 4-

phenoxybenzyl alcohol.

15 Example eSB

(1a,2p.3p.4a)>1.2*DhM-phenoxybenzyloxycarbonvlV3.4>dicarboxylic

To a solution of the compound resulting from Example 65A (1.0 g,

5.0 mmol) In dry tetrahydrofuran (100 mL) at -78 ®C under dry nitrogen

20 was added n-butyl lithium (1.6 M in hexane, 3.1 mL), After 15 minutes, a

suspension of 1,2,3,4-cyclobutanetetracarboxyljc dianhydride (0.49 g,

2.5 mmol) in tetrahydrofuran (5 mL) was added. The reaction was

allowed to warm slowly to ambient temperature and stirred for 18 hours

before quenching with saturated NH4CI. Solvents were removed under

25 reduced pressure, and the residue was partitioned between ethyl

acetate and 1 M HCI. The organic layer was washed with 1 M iHCI and

brine, dried over Na2S04> and concentrated in vacuo. The residue

obtained was purified by flash silica gel chromatography eluting with

94:5:1 chloroform-methanol-acetic acid to give 0.17 g (45%) of the title

30 compound. '•H NMR (CDCI3, 300 MHz) 5 3.71 (m, 4H). 5.1 1 (s. 4H),

6.94-7.36 (m. 18H). MS m/e 595 (M-H)-.
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Example 66

(1a.2p.3p.4a^.1.2.DifN.Dropvl.N.M.

DhenvlaminoDhenvl)aminocarbonvncvclobiitane-3.4-dinarhoxvlic acid

5 Example 66A

N-Phenvl-N'-PrQDionvl-1.4.Dhenvlenftriiaminft

A stirred mixture of 1.84 g (10.0 mmol, 1 eq.) of commercial N-

phenyl-1,4-phenylenediamine (a black solid) and 1.18 g (14.0 mmol, 1.4

eq.) of NaHCOa in 40 mL of CH2CI2 was cooled to 0 'C. To this

10 suspension was added a solution of 0.96 mL (1 1 .0 mmol, 1 . 1 eq.) of

propionyl chloride in 10 mL of CH2CI2 dropwise. The Ice bath was
removed and the mixture stirred for 1 hour and then poured into a

seperatory funnel containing 50 mL of each CH2CI2 and water. The
organic phase was separated and extracted with 50 mL of saturated

15 aqueous NaHCOa, dried over MgS04, filtered and concentrated in

vacuo. The residue was purified by flash column chromatography (100

g Si02,1:1 ethyl acetate-hexanes) to give 1.79 g (75%) of product. ""H

NMR (300 MHz, CDCI3) 5 7.41 (d, 2H). 7.21-7.43 (m, 2H). 7.14 9 (bs.

1H). 6.96-7.07 (m, 4H) 6.90 (t, 1H). 5.66 (bs, 1H), 2.38 (q, 2H), 1.25 (t,

20 3H). MS (DCI) m/e 258 (M + NH4)+, 241 (M + H)+.

Example 66B

N-Phenvl-N'-ProDvl-4-phenvl6nediaminfl

A stirred solution of the compound resulting from Example 66A
25 (1 .5 g, 6.2 mmol, 1 eq.) in 1 0 mL of dry THF was cooled to 0 °C in an ice

bath. To this solution was added 12.5 mL (12.5 mmol. 2 eq.) of a 1.0M
solution of LiAIH4 in THF dropwise. The ice bath was removed and the

mixture was stirred at ambient temperature for 24 hours. The

heterogeneous mixture was cooled to 0 °C and quenched by the careful

30 addition of 0.5 mL of water in 5 mL of THF followed by the addition of 0.5

mL of 1 5% aqueous THF and then an additional 1 .5 mL of water. The
mixture was then vigorously stirred for 5 minutes. Hexanes (25 mL) and

Na2S04 (2 g) were added and vigorous stirring continued for 20
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minutes. The mixture was filtered through celite and the pad washed

well with ethyl acetate and the filtrate concentrated. The residue was

purified by flash column chromatography on Si02 (50 g, 20% ethyl

acetate/hexanes) to give 1.26 g (89%) of a brown oil. ""H NMR (300 MHz
5 (CDCI3) 5 7.1 8 (m (2H), 7.01 (m (2H), 6.82 (m (2H). 6.77 (m. 1 H). 6.60

(m, 2H), 5.38 (bs. 1H). 3.53 (bs, 1H), 3.08 (t. 2H). 1.64 (hextet, 2H),1.02

(t. 3H). MS (DCI) m/e 244 (M + NH4)+ 227 (M+H)+.

Example 66C
10 f1 a.gB.3B.4a^-1 2-DirNI-DroDvl-N-(4.

phenylaminoDhenvhaminocarbonvncvclobutanQ-3.4-dicarboxvlic acid

To a suspension of 1.2.3,4-cyclobutanetetracarboxiic anhydride

(0.48 g, 2.47 mmol, 1 eq) in acetonitrile at 0 was added a solution of

the compound resulting from Example 66B (1.23 g, 5.43 mmol, 2.2 eq.)

15 in acetonitrile. The cooling bath was removed and the mixture stirred

overnight. The resulting suspension was concentrated and partitioned

between 3 H aqueous HCI and 3 portions of ethyl acetate. The

combined organic phases were washed with brine, dried, filtered and

concentrated in vacuo. The residue was purified by column

20 chromatography on SiOa eluting with a CHCI3-CH3OH-HOAC solvent

system to give 0.25 g (16%) of the 1.3-diacid and 0.77 g (48%) of the title

compound. NMR (300 MHz (DMSO-de) 5 12.35 (bs, 2H), 8.34 (s, 2H),

7.25 (t ,
4H). 7.09 (m, 12H), 6.86 (t. 2H). 3.57 (m, 2H), 3.26-3.40 (m. 4H),

3.09 (m, 2H), 1.36 (m, 4H), 0,74 (t. 6H). MS (FAB+) m/e 649 (MH).

25 HRMS (FAB) calcd for C38H41N4O6 (M+H) 649.3026. Found: 649.3013.

Anal calcd for C38H41N4O6: C, 70.35; H, 6.21; N, 8.63. Found: C, 69.05;

H, 6.35; N, 8.05.
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Examole fi7

n a.2p.3p.4«V1 2.DirN.Drnpvl-M-(4.

Dhenvlaminoben2vnaminocarbonvl]cvclobutane-3 .d.riinarboxvliR ar>iri

5 Example fi7A

4-Phenvlamino-N-pronvlhen2amirift

To a stirred solution of 1.06 g (5.0 mmol, 1 eq.) of 4-

phenylaminobenzolc acid (Portnaya, B.S.,Turltsyna. N.F., Bobkova. T.P.,

and Levkeov, I.I., Zhur. ObshcheL Khim., 3Q, 2693 (I960)), n-

10 propylamine (0.82 mL. 10.0 mmol, 2 eq.), and 0.061 g (0.5 mmol. 0.1

eq.) of DMAP in THF at 0 °C was added 1.05 g (5.5 mmol, 1.1 eq.) of

EDCI. The mixture was stirred overnight while the bath melted. The
mixture was poured into 150 mL of ethyl acetate and washed with 50 mL
each of water, 1 M aqueous HCI, water and saturated aqueous

15 NaHCOs. The ethyl acetate layer was then dried over Na2S04, filtered

and concentrated in vacuo. The residue was purified by flash column
chromatography (80 g Si02, 1:1 ethyl acetate-hexanes) to give 0.51 g
(40%) of the title compound. '•H NMR (300 MHz, CDCI3) S 10.57 ( bs,

2H), 7.21-7.41 (m, 9H). 3.96 (s, 2H), 2.75 (m. 2H). 1.64 (hextet, 2H), 0.92

20 (t,3H). MS(DCI)m/e255(M+H)+.

Example 67B

N-ProDVl-N-(4-phenvlaminoben7vn arnin^^

To a stirred solution of the compound resulting from Example 67A
25 0.50 g (1 .96 mmol., 1 eq.) In 1 0 mL of dry THF at 0 was added 3.9 mL

(3.9 mmol, 2 eq.) of a 1.0M solution in THF of LiAIH4. The toe bath was
removed and stirring continued for 30 minutes. The solution was then

heated at reflux for 20 hours and then cooled back to 0 °C. The mixture

was carefully quenched by the addition of 0.15 mL of water, 0.15 mL of

30 15% aqueous NaOH, and 0.45 mL of water and vigorously stirred for 10
minutes. Ethyl ether (20 mL) and MgS04 (2 g) were added and stirring

continued for an additional 15 minutes. The heterogeneous mixture was
filtered through a pad of Si02 and the pad was washed with 1 00 mL of
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ether and then 1 00 ml of 5% CH3OH-CHCI3. The filtrate was

concentrated to give 0.398 g (85%) of a yellow oil that was used without

further purification. 1H NMR (300 MHz, CDCI3) 5 7.19-7.32 (m, 2H),

7.01-7.08 (m. 2H). 6.87-6.93 (m, 1H). 5.67 (bs, 1H). 3.72 (s. 2H). 2.61 (t.

5 2H). 1 .53 (hextet. 2H). 1 .39 (bs, 1 H), 0.92 (t. 3H).

Example 670

(1 K.2p.3p.4aV1 .2-01^N-Pr0Dvl-N-(4-

phenvlaminobenzvnaminocarbonvncvclobutane-3.4-dicarboxvlle aeldr

0 Following the procedures described in Example 66C, the

compound resulting from Example 67B (0.378 g, 1.57 mmol, 2.2 eq.)

and 1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.140 g, 0.71 mmol,

1 eq.) were reacted to give 0.159 g (33%) of the title compound.

NMR (300 MHz, CDCI3) 5 7.14-7.30 (m, 8H), 6.83-7.10 (m. 12H), 3.84-

5 4.85 (m, 8H). 2.94-3.56 (m, 4H), 1 .37- 1 .62 (m, 4H). 0.72-0.88 (m, 6H.

MS (FAB+) m/e 677 (M+H)+. HRMS calcd for C40H45N4O6 (MM)

677.3339. Found: 677.3331. Anal calcd for C40H45N4O6: C, 70.99; H,

6.55; N. 8.28. Found; C, 69.46; H, 6.67; N. 7.89.

D Example 68

na.2p.3p.4a)-1.2-DirN-Dropvl-N.f4.

phenvlthiobenzvnaminocarbonvncvclobutane-3.4-dicarboxylic acid

Example 6BA

5 N-Propyl-N-(4-phenylthiobenzyl)amine

To a stirred solution of 2.14 g (10 mmol, 1 .0 eq.) of 4-

phenylthiobenzaldehyde (Portnaya, B.S.,Turitsyna, N.F., Bobkova, T.P.,

and Levkeov, 1. 1., Zhur. Obshchei. Khim., 3Q, 2693 (I960)) and 0.6 mL
(10.0 mmol, 1.0 eq.) of acetic acid in 40 mL of CH3OH at 0 °C was

0 added 1.6 mL (20.0 mmol, 2.0 eq.) of N-propylamine. After stirring 30

minutes at 0 °C, NaCNBHs (0.69 g, 11 mmol, 1.1 eq.) was added and

the mixture was stirred for an additional 2 hours whereupon an

additional 0.69 g of NaCNBHs was added. The reaction mixture was
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stirred for an additional 14 hours and then poured into 200 mL of

saturated NaHCOa and extracted with 3x50 mL of ethyl acetate. The
combined organic phases were washed with brine, dried (MgS04),
filtered and concentrated in vacuo. Purification of the residue by column

5 chromatography (1 50 g Si02, 10% CH3OH-CHCI3, trace HOAc) gave
1.59 g (62%) of the title compound as a light yellow oil. Spectral

analysis Indicated the presence of -1 eq. of AcOH. iH NMR (300 MHz,
CDCI3) 5 7.54 (bs. IH (AcOH)). 7.21-7.37 (m. 9H). 3.83 (s. 2H). 2.64 (t,'

2H). 1.98 (s. 3H (AcOH)). 1.60 (hexlet. 2H), 0.92 (t, 3H). MS (DCI) m/e
10 258 (M+H)+.

Example 68R

f1a.2B.3R.4«.Vl 9-nifN-nrnpyl-M-f4.

Phenvlthiobenzvnaminocarbonvilnyninhi

i

tanft-q 4.fiirf^ rboxvlin ariri

15 Following the procedure described in Example 66C, the
compound resulting from Example 68A (0.566 g. 2.2 mmol.' 2.2 eq.) and
0.196 g (1.0 mmol, 1.0 eq.) of 1,2,3.4-cyclobutanetetracarboxylic

dianhydride were reacted to give 0.284 g (40%) of the title compound as
an off white foam. 1H NMR (300 MHz, CDCI3) 5 7.02-7.37 (m, 18H).

20 2.92-4.68 (m, 12H). 1.5 (m. 4H), 0.61 (m. 6H). MS (FAB+) m/e 71 1

'

(M+H)+. Anal calcd for C40H42N2O6S2: 0. 67.58; H, 5.95: N. 3.94.

Found: 0, 65.78; H, 5.86; N. 3.62.

Examplft fiQ

25 f1 a.26.3B.4aW1 2.DlfN.prnpYl.|>J.f/i.

PhenQXVmethvlhRn7vnamlnQRarhnnynevnlnhi.tanp.3.4.riicarhnYY;i^ ^r.]r^

Examolfi RQA

Methvl-4-DhenoxvmPthv||^Pn7^f^|o

30 To a Stirred mixture of 5.72 g (25.0 mmol, 1 .0 eq.) of methyl 4-

bromomethylbenzoate (Aldrich) and 3.80 g (27.5 mmol, 1.1 eq.) of

K2CO3 in 10 mL of DMF at ambient temperature was added a solution of

2.59 g (27.5 mmol, 1.1 eq.) of phenol in 10 mL of DMF dropwise and the
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mlxture stirred overnight. The reaction mixture was poured into 100 mL
of water and extracted with 3 x 100 mL portions of 25% CH2CI2-

hexanes. The combined organic phases were extracted with 3 x 100 mL
portions of water, dried (IVIgSOA), filtered and concentrated in vacuo.

5 The solid residue was recrystallized from ~50 mL of hexanes to give

5.31 g (88%) of the title compound as a white, crystalline solid. "^H NMR
(300MHz, CDCI3) 5 8.05 (d, 2H). 7.51 (d, 2H), 7.26-7.33 (m, 2H), 6.95-

7.02 (m, 3H), 5.13 (s, 2H). 3.92 (s, 3H). MS (DC!) m/e 260 (M+NH4)+

10 Example 693
4-Phenoxymethylben2oic acid

To a suspension of 2.42 g (10 mmol, 1 .0 eq.) of the compound

resulting from Example 69A in 20 mL of CH3OH at 0 ""C was added a

solution of 0.97 g (15.0 mmol. 1.5 eq.) of KOH (87%) in 10 mL of

15 CH3OH. The suspension was allowed to reach ambient temperature

overnight whereupon 5 mL of water was added. After stirring was

continued for 3 additional hours, the mixture was poured Into 200 mL of

water and extracted with 3 x 50 mL of ethyl ether. The aqueous phase

was acidified with 3 N aqueous HCI and the resulting precipitate

20 collected by filtration. Purification by recrystallization from acetone-

CH3OH gave 0.60 g (28%) of the title compound as a white crystalline

solid. ''H NMR (300 MHz. CDCI3) 5 8.12 (d, 2H), 7.56 (d. 2H), 7.22-7.36

(m, 3H), 6.94-7.01 (m, 2H). 5.15 (s. 2H). MS (DCI) m/e 246 (M+NH4)+

25 Example 69C

N-ProDvl-4-DhenoxvmQthvlben2amidQ

To a stirred solution of 0.59 g (i2.78 mmol, 1.0 eq.) of the

compound resulting from Example 69B in 10 mL of THF at room

temperature was added 0.495 g (3.05 mmol, 1.1 eq.) of 1,1

-

30 carbonyldiimidazole. After the initial evolution of CO2 was complete, the

mixture was heated at reflux for 30 minutes and subsequently cooled to

ambient temperature with a ice-water bath. The resulting nearly

colorless solution was treated with 0.68 mL (8.33 mmol, 3.0 eq.) of N-
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propylamine and stirring was continued overnight. The reaction mixture

was then partitioned between water (50 mL) and ethyl acetate (100 mL).

The layers were separated and the aqueous phase was extracted with

an additional 50 mL portion of ethyl acetate. The combined organic

5 phases were then washed with 50 mL each of water, saturated NaHCOa
and brine, dried (MgS04), filtered and concentrated in vacuo. The solid

residue was purified by recrystallization form ethyl acetate to give 0.418

g (59%) of the title compound as a white solid. ""H NMR (300 MHz,
CDCI3) 5 7.78 (m. 2H). 7.49 (d. 2H), 7.25-7.32 (m, 2H), 6.93-7.00 (m.

10 3H), 6.17 (bs, 1 H). 5.1 1 (s, 2H), 3.42 (m, 2H). 1.62 (hextet. 2H). 0.98 (t,

3H). MS (DCI) m/e 287 (M+NH4)+.

Example 69D

N-ProDvl-N-f4-phenoxvmethvlbenzvnfl minfi hyrirnrhinriHo

15 Toastirredsolutionof 0.400 g (1.58 mmol, 1.0 eq.) Of the

compound resulting from Example 690 in 2 mL of dry THF at 0 "C was
added 3.16 mL (3.16 mmol, 2 eq.) of a 1.0M solution of UAIH4 in THF
dropwise. The ice bath was removed and the mixture heated at reflux

for 18 hours. After cooling to 0 °C, the excess hydride was carefully

20 quenched by the sequential addition of 0.12 mL of water in 1 mL of THF,
0.12 mL of 15 % aqueous NaOH and 0.36 mL of water. The resulting

suspension was vigorously stirred for 10 minutes followed by the

addition of ether (15 mL) and MgS04 (2 g) and the vigorous stirring

continued for an additional 15 minutes. The reaction mixture was
25 filtered through a pad of Si02 (pre-wetted with ether) and the pad was

washed well with ethyl acetate. The filtrate was concentrated to dryness

and the residue dissolved in THF and treated with a slight excess of

aqueous HCI. The solution was concentrated to dryness again (using

toluene to remove the excess water). The solid residue was purified by
30 recrystallization from methanoi-acetone to give 0.314 g (72%) of the title

compound as a white crystalline solid. iH NMR (300 MHz. CD3OD) 5

7.52 (q 4H). 7.25 (m. 2H). 6.89-7.00 (m. 3H). 5.13 (s, 2H). 4.20 (s, 2H),

3.01 (m, 2H), 1.72 (m, 2H), 1.02 (t. 3H).
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Example 69E

na.2p.3p.4aV1.2-DirN.DroDvl.N.[4.

Dhenoxvmethvlbenzvnaminocarbonvllcvclobutane-3.4.diftarboxvlic acid

5 To a stirred suspension of 0.098 g (0.5 mmol. 1 .0 eq.) of 1 .2,3.4-

cyciobutanetetracarboxylic acid dlanhydride in 3 mL of acetonitrile at 0

was added 0.15 mL (1.05 mmol. 2.1 eq.) of EtsN. After 15 minutes

the compound resulting from Example 69D (0.276 g, 1.0 mmol, 2.0 eq.)

was added and the mixture allowed to reach room temperature and

10 stirring continued for 66 hours. The reaction mixture was poured into 20

mL of 4 N aqueous H2SO4 and extracted with 3 x 20 mL of ethyl acetate.

The combined organic phases were then washed with water and brine,

dried {MgS04). filtered and concentrated in vacuo. The residue was

purified by column chromatography on Si02 (35 g) eluting with 94:5:1

15 CHCb-CHsOH-acetic acid to give the 1,3-diacid (0.100 g, 28%) followed

by the title compound (0.093 g. 26%) as a white foam. NMR (CDCI3)

57.11-7.40 (m, 12H). 6.88-6.99 (m. 6H), 4.99 (m, 4H). 4.31-4.70 (m. 4H).

3.87-4.18 ( m, 4H), 2.59-3.63 (m, 4H), 1,49 (m, 4H), 0.82 (m, 6H). HRMS
(FAB) calcd for C42H46N2O8: 707.3332. Found: 707.3323. Anal calcd

20 for C42H46N2O8: C. 71.37; H, 6.56; N, 3.96. Found: C. 70.70; H. 6.56; N.

3.85.

Example 70

(1a.2p.3p.4a)-1.2-DirN-Dropyl-N-f4-phenoxyben2vnaminocarbonyll-4-

25 hydrQxymethvl-cvclobutana-3-carboxvlic anid

Examtile 7QA

Methyl ria.2p.3p.4aV1 2-DirN-propyl-N-f4-

phenQxyb6nzvl]aminocarbonvlV4-hydrQxvmethyl-cyclobutane-3-

30 carboxylats

To a stirred solution of (1a,2p,3p.4a)-1,2-di[N-propyl-N-[4-

phenoxybenzyllaminocarbonyl]cyclobutane-3,4-dicarboxylic acid mono

methyl ester, the compound resulting from Example 95. (0.562 g, 0.81
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mmol, 1 .0 eq.) in 12 mL of dry THF at -20 "C was added 0.098 mL (0.89

mmol, 1.1 eq.) of N-methylmorpholine followed by 0.115 mL (0.89 mmol,
1.1 eq.) of isobutylchioroformate. After stirring for 30 minutes, a cold (-20

°C) suspension of 0.184 g (4.86 mmol. 3 eq.) of NaBH4 in 1 mL of

5 CH3OH was carefully added (a vigorous reaction occurs) and tine

mixture stirred for 30 minutes more. The reaction was quenched by the

careful addition of 2 mL of 3 N aqueous HCI and the poured Into 50 mL
of cold 3a aqueous HCI and extracted with 3 x 50 mL of ethyl acetate.

The combined organic extracts were washed with 50 mL of saturated

10 aqueous NaHCOa. dried (MgS04), filtered and concentrated in vacuo.

The residue was purified by flash column chromatography on Si02 (40

g, 1:1 ethyl acetate-hexanes) to give 0.507 g (92%) of the title compound
as a colorless foam. NMR (CDCI3) 8 6.84-7.35 (m. 18H. 2.68-5.02

(m, 18H), 1.41-1.72 (m. 4H). 0.73-0.97 (m, 6H). MS (DCI) m/e 679
15 (M+H)+

Example 7QB

(1a.2B.3B.4a)-1.2-PifN-DrODVl-N-M-Dhennyyhon2vnaminnr.arhnr^y[]-4.

hvdroxvmethvl-cvclobutane-^t-carboyyiir

20 To a stirred solution of the compound resulting from Example 70A
(68 mg, 0.1 mmol, 1.0 eq.) in 1 mL of 3:1 THF-water at 0 °C was added 8
mg (0.2 mmol, 2.0 eq.) of LiOH-H20 and stirring was continued at 0 °C
for 4 hours and at room temperature for 30 minutes. The reaction was
then quenched by the addition of 2 mL of 3 N aqueous HCI and then

25 concentrated to dryness. Purification of the residue by column

chromatography on SiOa (9 g, 94:4:1 CHCI3-CH3OH-HOAC) gave the

title compound 0.047 g (71%) as a white foam. ""H NMR (DMSO de) 5
12.26 (bs. 1H), 7.38. m. 3H). 7.17-7.31 (m. 4H), 7.12 (m, IN). 7.00 (m,

4H). 6.91 (m, 2H). 4.58-4.84 (m, 3H). 4.09-4.32 (m. 3H), 3.78-4.07 (m,

30 3H), 3.17-3.60 (m. 6H). 3.12 (m, 1H). 2.98 (m. IN). 2.86 (m. 1H). 2.69 (m.

1H), 1.31-1.62 (m. 4H), 0.70-0.89 (m. 6H). MS (FAB+) m/e 665 (M+H).

687 (M+Na). 703 (M+K). HRMS calcd for C40H45N2O7 (MH) 665.3227.
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Found: 665.3217. Anal cacid for C40H45N2O7: C, 72.27; H, 6.67; N,

4.21. Found: C, 71.45; H, 6.79; N, 4.21.

Example 71

5 Ma.2B,3B.4a)-1.2-DirN-Dropvl-N-r4-Phenoxvbenzvl]aminQcarbonvll-4-

f(hydrQxyiminQ^mQthvn-cvclobutane-3>carbQxylic acid

Example 71A
Methvl Ma.2p.3B.4al-1 .2-DirN-prQDyl>N-r4-

10 Dhenoxvbenzvl)aminocarbonvn-4-carboxaldehvde-cvclQbutane>3-

To a stirred solution of 0.339 g (0.5 mmol, 1.0 eq.) of the

compound resulting from Example 70B in 5 mL of 10% acetonitrile-

CH2CI2 at room temperature was added 0.088 g (0.75 mmol. 1 .5 eq.) of

15 N-methylmorpholine-N-oxide followed by 0.50 g of powdered, activated

4A molcular sieves. After stirring 15 minutes at room temperature, TFAP

(0.009 g, 0.025 mmol, 0.05 eq) was added and the resulting black

mixture was stirred for an additional 30 minutes. The reaction mixture

was treated with -1 g of celite and then diluted with 5 mL of ether. After

20 10 minutes further stirring, the mixture was filtered through a pad of SiOa

(pre-wetted with ether). The pad was washed well with ether (-200 mL)

and the filtrate concentrated. The green residue was purified by column

chromatography on Si02 (25 g, 1:1 ethyl acetate-hexanes) to give 0.269

g (80%) of the title compound as a thick syrup. NMR (CDCI3) 5 9.69-

25 9.76 (m. 1H). 6.89-7.38 (m, 18H). 4.09-4.87 (m, 5H), 3.48-4.03 (m, 6H),

2.41-3.47 (m, 4H), 1.42-1.67) (m, 4H), 0.76-0.98 (m, 6H), MS (DC!) m/e

677 (M+H)+.
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Example 71

B

Methvl nft.2R.3R.4»A- 1 2-DifN-prnpvl-M.f4.

phenoxvben2vnaminocarbonvn.4.fmvdrQyviminQ^inathyi].pvciQhutflnq.

3-carbQxylate

5 To a stirred solution of 0.054 g (0.78 mmol, 1.5 eq.) of

NH20H-HCI in 1 mL of CH3OH at room temperature was added 0.064 g
(0.78 mmol, 1.5 eq.) of NaOAc. The resulting solution was treated with a
solution of the compound resulting from Example 71A (355 mg. 0.52

mmol, 1.0 eq.) in 2 mL of CH3OH and stirring was continued for 1 hour.

10 The mixture was partitioned between ethyl acetate (20 mL) and water

(20 mL) and the layers were separated. The aqueous layer was
extracted with 2 additional 20 mL portions of ethyl acetate and the

combined organic phases were dried (Na2S04), filtered and
concentrated h vacuo. The residue was purified by column

15 chromatography on Si02 (30 g, 40% ethyl acetate-hexanes) to give

0.273 g (76%) Of the title compound (as a mixture of cis and trans

oximes) as a colorless syrup.

Example 71 n
20 (1a.2B.3B.4a)-1.2-DifN-Dropvl-N-M-phfinoxvben7yl\qminonarhnnyl]-4.

f(hvdroxvimino>methvl1-cvclobi]tanft.3-RarhnYviin priH

To a solution of 0.035 g (0.05 mmol, 1.0 eq.) of the compound
resulting from Example 71 B in 0.5 mL of THF at 0 °C was added a
solution of 0.01 1 g (0.25 mmol, 5 eq.) of LiOH HaO in 0.2 mL of water.

25 The resulting cloudy mixture was stirred for 3 hours and quenched by
the addition of 1 mL of 0.5M H3PO4. The mixture was extracted with 3 x

2 mL of ethyl acetate and the combined organic phases were washed
with 5 mL of brine, dried (MgS04), filtered and concentrated in vacuo.

The residue was purified by column chromatography on Si02 (10 g,

30 94:5:1 CHCI3-CH3OH-ACOH) to give a colorless oil. This mixture was
dissolved In 2 mL of acetonitriie and water was added until cloudy. The
mixture was then lyophilized to give 0.024 g (70%) of the title compound
as a fluffy, white lyophllate. ""H NMR (DMSO de) 8 12.46 (bs, 1H), 10.76-
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10 90 (m, 1H), 7.38 (m, 4H), 7.09-7.30 (m. 6H), 6.86-7.0 (m, 8H), 4.55-

, 4.88 ( m, 2H). 3.87-4.29 { m, 4H), 3.16-3.67 (m. 5H), 2.94 (m. 1H). 2.71

(m, 1H), 1.52-1.61 (m. 4H). 0.73-0.86 (m. 6H. MS (FAB+) m/e 678

(M+H)+ HRMS (FAB) calcd for C40H44N3O7 (MH) 678.3179. Found:

5 678.3190. Anal calc for C40H44N3O7: C, 70.88; H, 6.39; N, 6.20. Found:

C, 70.80; H. 6.32; N. 6.03.

Example 72

Ma.2B.3B.4a)-1.2-DirN-DroDvl-N-f4-phenoxvbenzvnaminQnarhnnyl].il.

10 tetrazQivl-cvclobutane-3-carboxvlic acid

Example 72A

Methvl f1a.2B.3B.4aM 2-DirNI-nmnvl-M-/4-

Dhenoxvbenzvnamlnocarbonvn-4-cvanQ-cyclobutanfi-q-carboxylate

15 To a stirred solution of 0.1 73 g (0.25 mmol, 1 .0 eq.) of the

compound resulting from Example 71C in 2 mL of dry acetonitrile at 0 "C

was added 0.1 1 mL (0.75 mmol, 3.0 eq.) of EtsN followed by the

dropwise addition of 0.040 mL (0.28 mmol, 1.1 eq.) of trifluoroacetic

anhydride. The cooling bath was removed and the mixture stirred for 3

20 hours and poured into 10 mL of saturated aqueous NaHCOa. The
aqueous mixture was extracted with 3 x 10 mL of ethyl acetate and the

combined organic phases were dried (MgS04), filtered and

concentrated in vacuo. Flash column chromatography of the residue on

SIO2 (40 g, 40% ethyl acetate-hexanes) gave 0.116 g (69%) of the title

25 compound as a cloudy syrup. NMR (CDCI3) 5 6.91-7.43 (m, 18H).

3.93-4.94 (m, 6H), 3.56-3.90 (m, 5H), 2.93-3.55 (m, 4H), 1.43-1.72 (m,

4H), 0.80-0.97 (m. 6H). MS (DCI) m/e 691 (M+18)+ 674 (M+H)+.
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Examole 72B

Methvl (1a.2R.3p.4a>- 1 .2-DirN-nrnpvl-M.f4.

DhenQXVben2vnaminocarbonvn-4-t6trazr>lvl.cvclobiitanfi.,?.carboxvlatft

A mixture of the compound resulting from Example 72A (0.1 16 g,

5 0.17 mmol. 1 eq.). NaNa (0.034 g, 0.52 mmol, 3.0 eq.) and EtsN-HCI

(0.072 g, 0.52 mmol, 3.0 eq.) In 1 mL of DMF were heated to 60 °C for 14
hours. The bath temperature was Increased to 100 "C for 4 hours

whereupon an additional 3.0 eq. each of NaNs ad EtsN-HCI were
added. After an additional 70 hours at 100 °C, the mixture was cooled to

10 room temperature and partitioned between water (20 mL) and ethyl

acetate (20 mL). The aqueous phase was extracted with 2 x 10 mL of

ethyl acetate and the combined organic phases were washed with 3 x
10 mL of water and brine, dried (Na2S04). filtered and concentrated in

vacuo to give 0.1 15 g of the title compound which was used without

15 purification. Analysis of this crude material showed by NMR showed
that it contained ~2 eq. of DMF.

Example 7gn

(1a.2B.3B.4aM.P-nifN-DroDvl-NW4.nhfinoyyhQn2vl^aminorarhnpy|.4-

20 tetrazoiyl-cvclobutane-S-carboxylip ai;^jri

To a stirred solution of 0.030 g (0.042 mmol, 1.0 eq.) of the

compound resulting from Example 72B in 0.75 mL of THF at 0 °C was
added 0.25 mL of H2O followed by 0.01 1 g (0.25 mmol, 6.0 eq.) of

U0H-H20. After stirring 2 hours at 0 "C and 2 hours at room

25 temperature, the mixture was poured Into 1 0 mL of 3N aqueous HCI
and extracted with 3 x 10 mL of ethyl acetate. The combined organic

extracts were dried (MgS04), filtered and concentrated in vacuo. The
residue was purified by column chromatography on Si02 (20 g, 94:5:1

CHCI3-CH3OH-ACOH) to give a thick oil. This oil was dissolved in

30 acetonitrile and treated with water until turbid and then freeze-dried to

give 0.021 g (70%) of the title compound as a fluffy, white lyophilate. iH
NMR (DMSO de) 6 6.56-7.41 (m, 18H), 4.62-4.83 (m. 3H). 4.25-4.49 (m,

4H). 3.73- .17 (m. 4H), 3.06 (m. 1H). 2.76 (m, 1H), 2.41 (m. 1H). 1.50 (m,
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4H), 0.44-0.92 m, 6H). MS (FAB+) m/e 703 (M+H)+. (FAB") m/e 701 (M-

H)+. HRMS calcd for C40H43N6O6: 703.3244. Found: 703.3229. Anal

calcd for C40H43N6O6: C, 68.36; H, 6.02; N. 11.96. Found: C. 65.94; H,

6.11; N, 11.14.

5

Example 73

Ma.2B.3B.4fll-1.2-DirN.DroDvl-N-r4-DhenoxvbenzvnaminQcarhonyl.4-

tetrazolylmethyl-cvclobutane-S-carboxvlic anid

10 Example 73A

Methvl f1a.2p.3p.4aV1 2-DirN.prQDvl.N.M-

Dhenoxvben2vhaminocarbbnvn-4-cvanomethyl-cvRlobutane-a-

carboxvlate

To a solution of the compound resulting from Example 70A (0.260

15 g, 0.38 mmol, 1 .0 eq.) In 4 mL of 1 :1 CH2Cl2-2,6-lutidine at -10 *C was

added 0.060 mL (0.76 mmol, 2.0 eq.) of methanesulfonyl chloride. The

mixture was then placed in a refrigerator overnight. The resulting yellow

solution was diluted with CH2CI2 and extracted with 3N aqueous HCI.

dried (MgS04). filtered and cioncentrated In vacuo to give 0.284 g (99%)

20 of the mesylate that was used directly. The mesylate (0.284 g, 0.38

mmol, 1 .0 eq.) was dissolved In 1 .5 mL of DMSO and treated with 0.073

g (1.12 mmol, 3.0 eq.) of KCN. This suspension was stirred vigorously

overnight at room temperature and then at 50-60 "C for 2 hours. This

mixture was cooled to room temperature and poured into 25 mL of water

25 and extracted with 3 x 10 mL of ethyl acetate. The combined organic

phases were then extracted with 2 x 20 mL of water and 2 x 10 mL of

brine, dried (Na2S04), filtered and concentrated in vacuo. The residue

was purified by column chromatography on Si02 (20 g, 40% ethyl

acetate-hexanes) to give 0.178 g (68%) of the title compound as a thicl<

30 oil. 1H NMR (CDCI3) 5 6.88-7.37 (m, 18H), 4.55-4.87 (m, 2H). 3.91-4.46,

(m. 4H), 2.91-3.83 (m, 9H), 2.41-2.69 (m, 2H), 1.40-1.69 (m, 4H), 0.78-

0.97 (m, 6H). MS (DCl) m/e 688 (M+H)+.
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Example 73R

(1«.gP .3B,4ff)-1.2»DifN-propvl.N-M-nhenoxvhPn7Yi)aminoRarhn,^Yl-4-

tetrazolvlmethvl-nvolobutane-a-r^arboyylir ^^jH

To a solution of the compound resulting from Example 73A (0.170
6 g, 0.25 mmol, 1.0 eq.) In 1.5 mL of DMF was added 0.081 g (1 .15 mmol,

5.0 eq.) of NaNa followed by 0.172 g (1.25 mmol, 5.0 eq.) of EtsN HCI.

'

The resulting suspenston was heated at 100 »C overnight whereupon
an additional 5 eq. each of NaNa and EtsN-HCI were added. After

further heating at 100 "C for 24 hours, the mixture was cooled to room
10 temperature and poured into 20 mL of dilute H2SO4 and extracted with 3

X 20 mL of ethyl acetate. The combined organic phases were extracted
with 2 X 20 mL of water and 1 x 10 mL of brine, dried (MgS04), filtered

and concentrated in vacuo to give 0.166 g (91%) of the tetrazoie as a
yellow syrup that was used directly. The crude tetrazoie was dissolved

15 in 1 mL of THF and cooled to 0 °C. To this solution was added a
solution of 0.034 g (0.88 mmol, 4 eq.) of LiOH H20 in 0.3 mL of water.
Methanol (20 drops) was added to obtain a homogeneous solution and
the mixture stirred overnight while the bath was allowed to melt. The
reaction mixture was poured into 20 mL of 4 N H2SO4 and extracted

20 with 3 X 10 mL of ethyl acetate and the combined organic phases were
washed with water and brine, dried (MgS04). filtered and concentrated
in vacuo. The residue was purified by column chromatography on Si02
(30 g. 94:5:1 CHCI3-CH3OH-ACOH) to give an oil. The product was then
lyophilized (CH3CN/H2O) to give 0.064 g (40%) of the title compound as

25 a fluffy, off white solid. 1H NMR (CDCI3) 6 6.76-7.38 (m. 18H), 4.20-4.75.

(m, 5H). 2.91-4.09 (m. 9H). 1.36-1.64 (m. 4H). 0.65-0.92 (m. 4H). MS
(FAB+) m/e 717 (M+H)+ (FAB ') 715 (M-H)+. Anal calcd for

C41H44N6O6: C, 68.70; H. 6.19; N, 11.72. Found: C, 66.74; H, 6.18; N.

11.21.

30
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E^ampig 74

(1a.2B,3B.4a)-1,2-PifN>propvl-N-f4-phenoxvbenzvnaminocarbonylV4-

(carboxycarbQnylamino^cyclQbutane^S-carbQxvltR acid

5 Example 74A
Methvl ria.2B.3S.4a)-1 .2-DirN>propvl>N-r4>

phenoxvbenzvnaminocarbonvM-fbenzvlQxvcarbonynamintv

cyclobutanQ-S^carboxylate

To a stirred solution of 0.346 g (0.5 mmol. 1.0 eq.) of the

10 compound resulting from Example 95, (1a,2p,3p.4a)-1.2-di[N-propyl-N-

(4-phenoxyben2yl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid

mono methyl ester, in 5 mL of dry toluene at room temperature was

added 0.077 mL (0.55 mmol, 1.1 eq.) of triethylamine followed by 0.13

mL (0.60 mmol, 1.2 eq.) of diphenylphosphorylazide. The yellow

15 solution was heated at 65-70 ''C for 3 hours. To this solution was added

0.52 mL (5 mmol, 10 eq.) of benzyl alcohol and the oil bath temperature

was Increased to 90 and stirring continued at this temperature

overnight. After cooling to room temperature, the mixture was diluted

with 50 mL of CH2CI2 and extracted with 3 N aqueous HCI and

20 saturated NaHCOa, dried (IVIgS04), filtered, and concentrated in vacuo.

The residue was purified by column chromatography on Si02 (40 g, 5-

10% ethyl acetate-CH2Cl2) to give 0.235 g (59%) of the title compound

as a thick syrup. NMR (CDCI3) 5 6.81-7.39 (m, 23H), 5.62 (m, 1H),

4.94-5.18 (m, 3H), 4.05-4.87 (m, 5H). 2.86-4.05 (m, 9H), 1.34-1.65 (m,

25 4H), 0.76-0.94 (m, 6H). MS (DCI) m/e 798 (M)+.

Example 74B

Methvl na.2p.3p.4aV1 .2-DfrN-Dropyl-N-(4-

phenoxvbenzvnaminocarbonvl1-4-amino-cvclQbutane-3-carbQxylate

30 A stirred mixture of 0.233 g (0.29 mmol) of the compound

resulting from Example 74A and 0.050 g of 10% Pd/C in 5 mL of ethyl

acetate were hydrogenated 8 hours. The mixture was filtered through

celite and the celite pad washed well with ethyl acetate. The filtrate was
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concentrated to give 0.191 g of the title compound as a light yellow oil.

1H NMR (CDCI3) 56.89-7.38 (m. 18H), 4.46-4.90 (m, 2H). 4.24-4.42 (m.

3H). 3.78-4.07 (m, 2H). 3.50-3.73 (m. 3H). 2.91-3.41 (m, 5H), 1.39-1.68

(m. 4H), 1.39 ( bs. 2H). 0.79-0.98 (m, 6H). MS (DCI) m/e 664 (M-fH)+

5

Example 74n

Methvl f1a.2B.aR.4«V 1 2-DifN-nrnpvl.M.f4.

Phenoxvbenzvnamlnocarbonvn.4.fethQyvif>fl rbQnvlRarhnnYi)qmfrn-

cvclobutane-a-carbnyylflti:.

10 To a solution of 0.033 g (0.05 mmol, 1 .0 eq.) of the compound
resulting from Example 74B in 1 mL of CH2CI2 at -10 was added
0.012 mL (0.10 mmol, 2 eq.) of 2,6-lutidine followed by 0.009 mL (0.075

mmol, 1.5 eq.) of ethyl oxalyl chloride. After stirring for 30 minutes at this

temperature, the mixture was diluted with 10 mL of CH2CI2 and
15 extracted with 10 mL of saturated NaHCOa. dried (MgS04), filtered and

concentrated in vacuo. The residue was purified by column

chromatography on Si02 (15 g, 1:1 ethyl acetate-hexanes) to give 0.029

g (76%) of the title compound as a light yellow syrup. ""H NMR (CDCI3)
57.84-8.04 (m, 1H), 6.83-7.37 (m, 18H). 5.16-5.37 (m, 1H). 4.48-4.94 (m,

20 2H), 3.92-4.39 (m, 6H). 3.54-3.76 (m. 4H). 2.87-3.46 (m. 4H). 1 .43-1 .64

'

(m, 4H), 1.24-1.43 (m, 3H), 0.78-0.93 (m, 6H). MS (CCI) m/e 764
(M+H)+.

Exam Die 74D

25 (1«.2B.3B.4a)-1.2-DifN-DrODvl-N.a-nhftnnxvben7vl)flminoGarhnnyl1-4-

(carboxvcarbonvlam ino)cvclobutanp..'^.carbo)cylio a^j^
To a stirred solution of 0.027 g (0.035 mmol, 1 .0 eq.) of the

compound resulting from Example 74C in 1 mL of THF at 0 °C was
added 0.007 g (0.18 mmol. 5 eq.) of LiOH H20 in 0.3 mL of water. The

30 cold bath was removed and the mixture was stirred for 2 hours and
poured into 10 mL of 3 M aqueous HCI. The aqueous phase was
extracted with 3 x 15 mL of ethyl acetate and the combined organic

phases were extracted with brine, dried (MgS04), filtered and
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concentrated in vacuo to give an oil. This material was then lyophilized

(CH3CN/H2O) to give 0.026 g (100%) of the title compound as a fluffy

white solid. ""H NMR (CDCI3) 5 12.45 (bs. 2H), 6.81-7.40 (m. 18H), 4.58-

5.00 (m, 3H), 3.57-4.31 (m, 9H). 2.58-3.01 (m, 3H), 1.32-1.56 (m, 4H),

5 0.65-0.84 (m, 6H). MS (FAB+) m/e 744 (M+Na), 722 (M+H)+; (FAB") m/e

720(M.H)+. HRMScalcd for C4iH44N309(MH): 722.3078. Found:

722.3081.

Example 75

10 f1a.2B.3B.4a^-1.2-DirN-DroDvl-N-(4-Dhsnoxvben2vnaminocarbonyl|-4.

r3-carboxvDroDfonvlamino^cyclobutana-3-carboxyliR aniri

Example 75

A

Methvl n nc.2p.3p.4«V1 2-DirN-Dronvl-N-r4.

15 phenoxybenzyl)aminocarbonvl].4-r3.

carboxvDroDionvlaminQ^cvclobutane-3-carhoxylatp

To a stirred solution of 0.024 g (0.036 mmol, 1 eq.) of the

compound resulting from Example 748 in 1 mL of dry CIHsCN at 0 °C

was added 0.010 mL (0.072 mmol, 2 eq.) of EtsN followed by 0.004 g
20 (0.038 mmol, 1.1 eq) of succinic anhydride. The mixture was then stirred

overnight (during which time the ice bath melted) and partitioned

between 2 mL of 3 N aqueous HCI and 3 x 2 mL of ethyl acetate. The

combined organic phases were washed with 2 mL each water and

brine, dried (Na2S04), filtered and concentrated to give 0.028 g (100%)

25 of the title compound as a colorless syrup. NMR (CDCI3) S 6.88-7.39

(m, 18H), 5.06-5.29 (m, 1H). 3.92-4.88 (m. 7H), 3.41-3.73 (m, 5H), 2.84-

3.32 (m, 4H). 2.04-2.74 (m. 6H). 1.39-1.65 (m. 4H), 1.47 (m, 1H). 0.78-

0.97 (m,6H). MS (DCI) m/e 764 (M+H)+
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Examole 75B

f1«.2B.3B.4«)-1.2-DirN-PrODVl-N.r4-phftnnYyhanzvhaminnrarhopY
n-^-

O-carbOXVpropionvlamino^cynlnhutane-a-rarboxvlin arii^

To a solution of 0.026 g (0.034 mmol, 1 eq.) of the compound
5 resulting from Example 75A in 1 mL of THF at 0 °C was added a solution

of 7 mg (0.17 mmol, 5 eq) of LiOH-H20 in 0.3 mL of water. The ice bath
was removed and the mixture stirred for 6 hours and poured into 10 mL
of 3N aqueous HCI and extracted with 3 x 10 mL of ethyl acetate. The
combined organic phases were washed with 10 mL each of water and

10 brine, dried (MgS04). filtered and concentrated to give a nearly

colorless syrup. This material was lyophilized (CH3CN-H2O) to give

0.021 g (84%) of the title compound as a fluffy, off white solid. 1 H NMR
(CDCI3) 5 6.87-7.37 (m, 18H), 5.02-5.25 (m, 1H), 4.13-4.74 (m. 5H).

3.51-4.09 (m. 5H), 2.92-3.35 (m. 3H), 2.23-2.79 (m. 4H). 1.40-1.62 (m.

15 4H). 1 .27 (bs, 1 H), 0.76-0.92 (m. 6H). MS (FAB+) m/e 750 (M+H)+.
HRMS calcd for C43H48N3O9 (MH): 750.3391 . Found: 750.3375.

Example 76

f1tt.2B.3R.4a)-1.P-DifN-propvl-N-M-nhfinnYvb6n7vnaminftcarbonvl-4.

20 (g-2-carboxvethenvl.cyrilobutane..q-^arboxvlic aniri

Example 76A

Methvl na.2R.3B.4rtV1 P-nirN-ampvl.M.(4.

PhenoxvbenzvnaminocarbQnvl-4.rp:9.oarhomethnwPthony(.

25 cvclobutane-3-carboxylatP

To a stirred solution of 0.068 g (0.10 mmol, 1.0 eq.) of the

compound resulting from Example 71A in 1 mL of CH2CI2 at 0 "C was
added 0.040 g (0.12 mmol, 1.2 eq.) of methyl triphenylphoranylidene-

acetate. The resulting solution was stirred for 3 hours and then applied

30 directly to a column of Si02 (1 5 g) and eluted with 1 .-1 ethyl acetate-

hexanes to give 0.062 g of the title compound as a thick syrup. Analysis

of the iH NMR spectrum indicated a >95:5 ratio of olefin isomers.

NMR (DMSO-de) 6 6.77-7.42 (m. 18H), 5.96-6.07 (m. 1H), 4.56-4.99 (m.
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2H). 4.18-4.24 (m, 2H), 3.68-4.07 (m, 3H). 3.17-4.66 (m, 9H). 2.92-3.05

(m, 1H), 2.53-2.86 (m. 2H). 1.25-1.60 (m, 4H). 0.69-0.88 (m, 6H). MS
(DCI) m/e 733 (M+H)+

5 Example 76B

f1tt.2p.3p.4a^-1.2-DirN-DroDvl-N-M-Dhenoxvbenzvl^aminQcarbQnyl.4.

f&2-carfaoxvethenvl-ovclobutan6-3-carbQxvliG aeid

To a stirred solution of the compound resulting from Example 76A

(25 mg, 0.034 mmol, 1 .0 eq.) in 1 mL of THF at 0 "C was added 9 mg
.10 (0.204 mmol, 6 eq.) of LiOH-HaO in 0.3 mL of water. After stirring for 1

hour at 0 and 2 hours at room temperature, the mixture was poured

into 10 mL of 3 N aqueous i-ICI and extracted with 2 x 10 mL of ethyl

acetate. The organic phases were then washed with brine, dried

(|y/lgS04), filtered and concentrated to give 0.025 g of product. This

15 material was then lyophilized (CH3CN-H2O) to give 0.019 g (79%) of the

title compound as a white lyophilate. 1H NMR (DI\4SO-d6) 5 6.80-7.41

(m, 18H). 6.86-6.95 (m, 1H), 4.10-5.02 (m. 5H), 3.16-4.08 (m, 9H). 2.44-

2.98 (m, 3H), 1.30-1.44 (m, 4H), 0.66-0.91 (m, 6H). MS (FAB+) m/e 727

(M+Na), 705 (M+H)+.

20

Example 77

na.2B.3B.4aM.2-DirN-Dropvl-N-f4-DhenoxvbenzvnaminocarbonvM.(2-

carboxvethvl)-cvclQbutane-3-carboxvlic acid

25 Example 77A

Methvl f1a.2B.3B.4a)-1 2.DirN.DrQDvl-N-M.

phenoxvben2vnamlnQcarbonvl-4-if2.carboxvethvh-cvclobutane-3-

carbQxylate

A stirred mixture of the compound resulting from Example 76A (32

30 mg, 0.044 mmol, 1.0 eq.), triethylsilane (0.01 1 mL, 0.066 mmol, 1 .5 eq.)

and Wilkinson's catalyst (4 mg, 0.004 mmol, 0.01 eq.) in 1 mL of dry

toluene was heated to 80-90 °C. After 1 hour, additional triethylsilane

(0.050 mL) and Wilkinson's (4 mg) were added and heating continued
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for an additional 2 hours. After the mixture had cooled to room
temperature, 2 mL of CH3OH was added and the mixture stirred for 15
minutes and filtered through a short plug of Si02. The filtrate was
concentrated and purified by column chromatography on SiOa (10 g, 1:1

5 ethyl acetate-hexanes) to give 0.029 g (91%) of the title compound as a
thick oil. IH NMR (CDCI3) 5 6.88-7.41 (m, 18H). 4.48-5.04 (m, 3H). 3.93-

4.38 (m, 4H). 3.49-3.75 (m. 6H). 2.76-3.33 (m. 5H). 2.12-2.35 (m. 2H).

1.41-1.88 (m.6H), 0.77-1.02 (m.6H). MS (DCI) m/e 735 (M)+.

10 Examoia 77R

(1a.2B.3B.4tfVl.2-DifN-proDvl-N-f4-DhfinnYyhen2vnaminnrarbonyl.4-(P.

carboxvethyl)-cvclobiJtane-3-carhr>yvlic aniri

To a Stirred solution of the compound resulting from Example 77A
(27 mg, 0.037 mmol, 1 .0 eq.) in 1 mL of THF at 0 °C was added a

15 solution of 8 mg (0. 184 mmol. 5 eq.) of LiOH-H20 in 0.3 mL of water.

The cooling bath was removed and the mixture stirred for 6 hours and
then poured Into 10 mL of 3 M aqueous HCI. The aqueous phases was
extracted with ethyl acetate (3x10 mL) and the combined organic

phases were washed with saturated aqueous NaCI, dried (Na2S04),
20 filtered and concentrated. The residue was purified by column

chromatography on Si02 (10 g. 94:5:1 CHCI3-CH3OH.ACOH) to give an
oily residue. Lyophilization of this residue gave the title compound
(0.019 g, 73%) as a fluffy, white lyophllate. ""H NMR (CDCI3) 5 6.84-7.37

(m, 18H). 4.55-4.98 (m. 2H). 4.13-4.48 (m. 2H). 3.45-3.96 (m. 2H). 2.81-

25 3.37 (m. 6H), 2.25-2.43 (m, 2H). 1 .39-1 .82 (m. 6H). 0.74-0.94 (m. 6H).

MS (FAB+) m/e 783 (M+2K-H)+ , 745 (M+K)+. 707 (M+H)+.
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Example 78

f1a.2B.3B,4aM.2>DifN-DrQDvl-N>(4-DhenQxvbenzvnaminocarbonvll-4>

M-carboxy-1-hvdrQxvmethyncvclobutane-3-carbQxvlic acid

5 Example 78A

Methvl Mci.gp.ap.4«^-1 .g>DirN-DrQDvl-N.r4-

Dhenoxybenzyl)aminQcarbQnyl]-4>(1 >acetoxv«1 -fg-furanyi).

methvl)cvclobutane-3-carbQxvlate

To a solution of 0.029 mL (0.40 mmol. 4.0 eq.) of furan In 0.8 mL
10 of dry THF at 0X was added 0.25 mL (0.4 mmol, 4.0 eq.) of a 1 .6M

solution of n-BuLI in hexanes dropwise. The solution was briefly

warmed to room temperature and then cooled to 0 ^C. The yellow

solution was then added via cannula to a suspension of 18 mg (0.2

mmol. 2.0 eq.) of CuCN in 0.6 mL of THF at -20 °C and this mixture

15 stlnred 5 minutes at 0 ^C. To the resulting solution (yellow) was added a

solution of 68 mg (0.1 mmol, 1 .0 eq.) of the compound resulting from

Example 71A in 0.5 mL of dry THF. The mixture was stirred for 1 .5 hours

at -20 - 0 °C and then quenched by the addition of 1 mL of 95:5

saturated aqueous NH4CI-conc aqueous NH4OH. The cooling bath

20 was removed, 5 mL of ether was added, and the biphasic solution was

stirred vigorously for 15 minutes. The mixture was then poured into 10

mL of the above NH4CI/NH4OH solution and extracted with 2 x 10 mL of

ethyl acetate. The combined organic phases were washed with the

NH4CI/NH4OH mixture (10 mL). dried (MgS04), filtered and

25 concentrated. The residue was dissolved in 0.5 mL of CH2CI2 and

cooled to 0 ^C. The mixture was then treated with excess 2,6-lutidine,

DMAP (0.005 g) and acetic anhydride (0.017 mL). After stirring for 30

minutes at room temperature, the mixture was diluted with 25 mL of ethyl

acetate and washed with water, 3 Jsl aqueous HCI and saturated

30 aqueous NaHCOa (10 mL each), dried (MgS04), filtered and

concentrated. The residue was purified by column chromatography on

Si02 (15 g, 40% ethyl acetate-hexanes) to give 0.031 g (39%) of the title

compound as a colorless oil. "^H NMR (CDCI3) 6 6.89-7.38 (m. 18H).
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5.93-6.42 (m. 3H), 4.92 (m, 1H). 3.92-4.68 (m, 5H). 3.37-3.81 (m. 5H).

2.75-3.37 (m, 3H). 1.71-2.29 (m, 3H). 1.20-1.67 (m. 4H). 0.73-0.98 (m.
6H). MS (DCI) m/e 787 (M+H)+

5 Example 78B

(1a.2B.3B.4«)-1.2-DirN-PrODVl-N-(4-nhfinnyvhon2vnaminnpqrhnpYH-/i-

f1-CarbQXV-1-hvdrOXVmBthvncvnlnhiitana.3.RarhnyYlin aoirf

To a vigorously stirred solution 1 mg (0.007 mmol. 0.2 eq.) of

RUO2 H2O in 0.5 mL of 3:2:3 CH3CN/CCI4/H2O at room temperature
10 was added 62 mg (0.29 mmol. 8.0 eq.) of Nal04. After 1 5 minutes,

NaHCOa (150 mg) was added followed by the addition of the compound
resulting from Example 78A (28 mg, 0.036 mmol. 1.0 eq.) in 0.3 mL
CH3CN. The yellow solution immediately turned black. Excess Nal04
was added followed by 5 mL of ethyl acetate. The mixture was poured

15 Into water and acidified by the addition of 4 N aqueous H2SO4 and the
phases were separated. The aqueous phase was extracted with 2x10
mL of ethyl acetate and the combined organic phases were washed with
3 X 10 mL of 10% aqueous NaHSOa, dried (MgS04) filtered and
concentrated to give 0.024 g (86%) of the title compound as a colorless

20 syrup which was used directly.

To a solution of 0.024 g (0.031 mmol. 1.0 eq.) of the above acid-

ester in 0.5 mL of THF at 0 was added a solution of 13 mg (0.31

mmol, 10 eq.) of LiOH-HaO in 0.2 mL of water. The ice bath was
removed and the mixture was stirred for 2 hours at room temperature

25 and then poured Into 1 0 mL of 3 fii aqueous HCI. The aqueous phase
was extracted with 3 x 10 mL of ethyl acetate and the combined organic
phases were washed with brine, dried (Na2S04), filtered and
concentrated to give a light yellow oil. This oil was then lyophilized

(CH3CN-H2O) to give 0.020 g (91%) of the title compound as an off

30 white, fluffy lyophilate. NMR (CD3OD) 5 6.86-7.37 (m, 18H). 4.69-

4.78 (m, 1H). 4.23-4.47 (m, 3H). 2.84-3.67 (m. 12H). 1.46-1.71 (m, 4H),
0.81-0.97 (m. 6H). MS (FAB+) m/e 747 (M+K)+, 731 (M+Na)+, 709
(M+H)+ (FAB-) m/e 707 (M-H)+
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Examplg 79

Ma.2B,3B.4aVl.2-DirN-DroDvl-N-f4-DhenoxvbenzvnaminQcarbQnyl]>3il-

dirfhydroxyimino^methyn-cvclobutane

5

Examplg 79A

ria.2B.3B.4aV1.2-DirN-DrQDvl-N-r4-Dhenoxvben2vnaminQcarbQnyl]-

cyclQbutane-3.4-di(0-benzyloxime)

A solution of the compound resulting from Example 64B (200 mg
10 (0.29 mmol) in dry tetrahydrofuran (10 mL) was cooled to -15 ''C under

dry nitrogen. N-Methylmorpholine (60 mg, 0.59 mmol) and

isobutylchloroformate (81 mg, 0,59 mmol) were added followed by a

solution of O-benzylhydroxylamine hydrochloride (94 mg, 0.59 mmol)

and N-methylmorpholine (60 mg, 0.59 mmol) in dimethylformamide (2

15 mL). After stirring at -1 5 °C for 1 5 minutes, the mixture was stirred at

ambient temperature for 3 hours. The reaction mixture was

concentrated under reduced pressure, dissolved in ethyl acetate,

washed with 1 M HCI, 5% NaHCOs, and brine, dried over Na2S04, and

concentrated in vacuo. The residue obtained was purified by flash silica

20 gel chromatography eluting with 5% methanol in chloroform to give 100

mg (38%) of the benzyl protected oximes.

Exampjg 79P

(1a.2B.3B.4a^-1.2-DifN>DroDvl-N>(4-DhenoxvbenzvnaminQcarbonyl]-3.4-

25 dirfhvdroxviminolmethyll-cyclQbutane

A solution of thj9 compound resulting from Example 79A (50 mg

(56 ^mol) in methanol (15 mL) with 10% palladium on carbon (5 mg)

was stirred under an atmosphere of hydrogen for 5 hours. Filtration

through Celite and evaporation provided 20.5 mg (51%) of the title

30 compound. "^H NMR (CDCI3. 300 MHz) 8 0.88 (m (6H) (1.45 (m (4H)

(2,95 (m (4H) (3.62 (m (4H) (4.18 (m (4H) (6.85-7.37 (m (18H). MS m/e

709 (M+H)+
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Examolft fin

na.2R.3R.4fYVl 2-DirNI-mPthYl.M.(^-

Phenpxvben?:vl)aminocarbonvncvciobutana.3
,

4.dinarhnvy|
(^ ,^^1^

dimethyl estPr

5 To the dicarboxylic acid resulting from Example 1 3 (1 .00 g, 1 .60
mmol) dissolved in 20 mL of anhydrous methanol was added 5 drops of

concentrated sulfuric acid. The clear mixture was stirred at ambient
temperature overnight. The solvents were removed under reduced
pressure to give a residue which was dissolved In ethyl acetate, washed

10 with sodium bicarbonate solution, water and saturated sodium chloride
solution, dried, filtered and concentrated in vacuo. The residue obtained
was chromatographed on silica gel eluting with 4:1 ethyl acetate-hexane
to give the title compound in 70% yield, ''h NMR (DMSO-de, 300 MHz)
6 2.89 (s (6H) (3/59 (s (6H) (3.76 (d (J = 9.6Hz (2H) (4.14 (d (2H) (4.40 (d

15 (2H) (4.56 (d (2H) (6.95-7.40 (m (18H). MS m/e 651 (M+H)+.

Example 81

f1«.2fl .30.4ffi)-1.P-nifN-PrOPVl-N-f3.Dhennyvh>»nrvnaminftrarhnpy|].

CVClQbUtane-3.4-rilcarhnyvlir

20

Example fll/\

N-PrQnvl.N.f3.DhfinnYyhenzvnamino

S-Phenoxybenzaldehyde (2.00 mL, 2.29 g. li .6 mmol), n-

propylamine (0.95 mL, 0.68g, 11.5mmol), and p-toluenesulfonic acid
25 monohydrate (15 mg, 0.08 mmol) were dissolved in absolute ethanol

(15 mL), then heated to 80 *C in a sealed tube for 2.5 hours. The
reaction was cooled to room temperature, transfered to a round-bottom
flask, then sodium borohydride (440 mg. 11.6 mmol) was added,
followed by heating under reflux for 2.5 hours. The reaction was

30 concentrated, the residue was partitioned between water and EtOAc,
and the EtOAc layer was washed with water and brine. After drying with
Na2S04, filtration, and concentration, the residue was purified by
chromatography on silica gel using 4:6 followed by 3:7 hexane-EtOAc to
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give 1.59 g (57%) light yellow oil. ""H NMR (CDCI3) 5 7.30 (m, 3H), 7.08

(m. 2H), 7.00 (m. 3H), 6.88 (dd. 1H). 3.77 (s. 2H). 2.60 (t. 2H). 1.53 (m,

2H), 0.92 (t. 3H). MS (DCI/NH3) m/e242 (M+H)+

s Example 81

B

Ma.26.3B.4aVl.2-DlfN-propvl-N-f3-Dhenoxvben2vhaminocarbQnyl].

cvclobutan6-3.4-dicarboxvnR acid

To 1,2.3,4-cyclobutanetetracarboxylicdianhydrlde (313 mg. 1.60

mmol) slurried in CH3CN (4.0 mL) was added the compound resulting

10 from Example 81A (803 mg, 3.30 mmol). The reaction was stirred at

room temperature under N2 overnight, then diluted with EtOAc, washed

with 2 X 1 M H3PO4 and brine, dried over Na2S04 and concentrated in

vacuo. Chromatography of the residue obtained using 98.5:1.5:0.5

followed by 97:3:1 CHCIs-MeOH-CHsCOaH gave a glass which was

15 dissolved in CH3CN (10 mL). Water (10 mL) was added to the CH3CN
solution, then the solution was frozen and lyophlllzed to give 390 mg
(36%) of the title compound as a white solid. NMR (OMSO-de) S

7.39, 7.28, 7.13. 7.00, 6.93. 6.85 (all m, total 18H), 4.60. 4.45, 4.30 (all m.

total 4H), 3.90, 3.60 (both m. total 4H), 3.45, 3.25, 3.00, 2.80 (all m, total

20 4H), 1.40 (m, 4H), 0.78 (m, 6H). MS (FAB+) m/e 679 (M+H)+. Anal, caicd

for C40H42N2O8 • O.25H2O: C. 70.32; H, 6.27; N. 4.10. Found: C. 70.20;

H, 6.51; N. 4.04.

Example 82

25 na.2p.3p.4a^-1.2-DirN.Dropvl-NI-^R-

phenQxyfurfun/naminocarfaonvl}cvclobutane-3.4-dicarboxvlic acid

Example 82

A

5-Phenoxy-2-furaldehyde

30 Phenol (3.80 g. 40.4 mmol) in DMSO (25 mL) was added

dropwise to a suspension of NaH (60%, 1 .63 g, 40.4 mmol) in DMSO
(25 mL) over a period of 15 minutes. After another 15 minutes, a

solution of 5-nitro-2-furaldehyde (4.85 g, 34.4 mmol) in DMSO (20 mL)
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was added. The reaction was stirred at room temperature for 4.5 hours,
then the reaction was partitioned between ice-water, brine and Et20.
The aqueous layer was extracted with Et20, and the combined Et20
extracts were washed with 7% KOH, dried over Na2S04 and

5 concentrated in vacuo to afford a brown oil. Vacuum distillation (2.8 mm
Hg, 137-8 »C) gave 3.3 g (51%) yellow oil. ""H NMR (CDCI3) 5 9.42 (s.

1 H), 7.42 (m. 2H), 7.28 (m. 1 H), 7.20 (m, 3H), 5.55 (d. 1 H). MS
(DCI/NH3) m/e 189 (M+H)+, 206 (M+H+NH3)+.

10 Example RPR

n a.2S.3f^.4nt^-1 g-DirN-prnpyl.M.ft;.

PhenQXVfurfurvnf^minOCarbonvl)cvelQhiJtanA-a.4-dinarhovYli^ ^r^iri

Using the compound resulting from Example 82A, N-propy|.N-(5-

phenoxyfurfuryl)amine was prepared by the method of Example 81A.
IS 1H NMR (CDCI3) 5 7.32 (m. 2H). 7.10. (m, 1H). 7.04 (m. 2H), 6.12 (d,

1H), 5.51 (d, 1H). 3.70 (s, 2H), 2.59 (t. 2H), 1.54 (m. 2H). 0.92 (t. 3H)' MS
(DCI/NH3)(M+H)+232.

Using the amine prepared above, the title compound was
prepared using the method of Example 81 B. iH NMR (DMSO-de) 5 7.38

20 (m, 4H), 7.1 5 (m, 2H), 7.07 (m, 2H), 7.02 (m, 2H), 6.34, 6.32. 6.29, 6.25
(all d. total 2H). 5.70, 5.67 (d. m. total 2H). 4.52. 4.35. 4.17 (all m, total

4H), 3.90, 3.65, 3.60, 3.55 (all m. total 4H). 3.40-3.20. 3.00 (envelope, m.
total 4H). 1.40 (m, 4H), 0.75 (m. 6H). MS (FAB-) m/e 657 (M-H)-. Anal
cald for C36H38N2O10- 0.5 H20:C, 64.76: H, 5.89; N, 4.20. Found: C,

25 64.80; H, 5.79: N, 4.02.
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Example 83

nft.2R.3B.4aV1.2-DirN-DroPvl-N-f5-Dhenoxvthifin-P.

ylmethvnaminocarbonvl1cvclobutane-3.4-dicarboxyliR aniri

s Example 83A

N-Propyl-N-rs-phenoxythiophene-g-methynamine

Using 5-nitrothiophene-2-carboxaldehyde. 5-phenoxythiophene-

2-carboxaldehyde was prepared by the method of Example 82A, except

chromatography using 9:1 hexane-EtOAc was used for purification. ""H

10 NMR (CDCI3) 5 9.72 (s, 1 H), 7.54 (d, 1 H). 7.42 (m, 2H), 7.25 (m, 1 H),

7.20 (m, 2H), 6.51 (d, 1H). MS (DCI/NH3) m/e 205 (M+H)+ 222

(M+H+NH3)+.

Example 83B

15 na.2p.3p.4a>-1.2-DirN-propvl-N-f5.phenoxvthien.2.

vlm6thvhaminocarbonvncvclobutane-3.4-diearbQxylic aeld

Using the compound resulting from Example 83A, N-propyl-N-(5-

phenoxythlophene-2-methyl)amine was prepared by the method of

Example 81 A. IH NMR (CDCI3) 5 7.32 (m. 2H), 7.10. (m, 3H), 6.52 (dt,

20 1 H). 6.38 (d. 1 H), 3.88 (d, 2H). 2.63 (t. 2H), 1 .54 (m. 2H). 0.92 (t. 3H); MS
(DCI/NH3) (M+H)+ 248.

Using the amine prepared above, the title compound was

prepared by the method of Example 81 B. iH NMR (DMSO-de) 5 7.37

(m. 4H). 7.13. 7.05 ( both m. total 6H). 6.98. 6.94 (both m. total 2H). 6.52.

25 6.46, 6.45, 6.40 (all d. total 2H), 4.65, 4.40 (both m, total 4H). 3.95-3.50

(envelope, total 4H). 3.43. 3.20, 3.03, 2.88 (all m. total 4H), 1.43 (m. total

4H). 0.80, 0.70 (both m, total 6H). MS (FAB") m/e 689 (M-H)-. Anal cald

for C36H38N208S2- 0.25 H2O: C, 62.19; H, 5.58; N, 4.03. Found: C,

62.08; H, 5.51; N, 3.92.
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Examplfi M
na.2B.3p.4<Y^.1 P.nifM.DronvUM.^4.(f,ir^n-?-

YlQxvbenzvl)aminQcarbonvnovclohiJtanft.a 4-dicarhftYY| f^ ^^j^

5 Example RAA

5-f4-EthoxvnarbQnvlphftnoxv)-P-f!imlHAhyrfn

Using ethyI-4-hyclroxybenzoate. the title compound was prepared
by the method of Example 82A, except chromatography using 3:1

hexane-EtOAc was used for purification. 1H NMR (CDCI3) 5 9.45 (s.

10 1H). 8.10 (m. 2H). 7.25 (d. 1H). 7.19 (m. 2H). 5.75 (d. 1H), 4.40 (q. 2H).
1.41 (t, 3H). MS (DCI/NH3) m/e 261 (M+H)+ 278 (M+H+NHa)*.

Examnlfi R4R

g-f4-EthQxvoarhonvlphenr>yy)-2.fiirf>in ^^}r\

15 A solution of potassium dihydrogen phosphate (10.8 g, 79.0
mmol) and sodium chlorite (80%. 12.0 g, 106 mmol) in water (95 mL)
was added to a solution of the compound resulting from Example 84A
(3.00 g, 11.5 mmol) in f-butanol (240 mL) and 2-methyl-2-butene (57
mL). The two-phase reaction mixture was mechanically stirred at room

20 temperature for 2 hours, then the aqueous layer was removed, and the
organic layer concentrated. The aqueous layer and the organic residue
were combined, the pH was adjusted to 2 with 1.1 £j NaHS04. then
extracted with EtaO. The EtgQ layer was washed with 5% sodium
bisulfite, then extracted with saturated NaHCOa. The saturated NaHCOa

25 layer was washed with 3 x Et20. then the pH was adjusted to 1 with 1.1

N NaHS04. and extracted with 3 x EtaO. After drying over Na2S04 and
concentrating under reduced pressure 1.10 g (34%) of the title

compound as a light yellow solid was obtained. ""H NMR (CD3OD) 5
8.08 (m. 2H), 7.27 (d, 1H). 7.21 (m. 2H), 5.90 (d. 1H). 4.36 (q. 2H). 1.39

30 (t.3H). MS(DCI/NH3)m/e294(M+H+NH3)+.
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Ethyl 4-(furan-2-yioxy)t?gp2oate

To the compound resulting from Example 84B (1.05 g, 3.80 mmol)

slurried in quinoline (1.7 mL) was added copper powder (70 mg). The

5 reaction was heated to 200 for 1 hour, cooled to room temperature,

and partloned between Et20 and 1 M H3PO4. The Et20 layer was

washed with 3 x 1 M H3PO4, 3 x saturated NaHCOs and brine, dried

over Na2S04 and concentrated in vacuo. Chromatography of the

residue using 2% EtOAc in hexanes gave 550 mg of the title compound

10 as a yellow oil (62%). ."iH NMR (CDCI3) 5 8.04 (m, 2H), 7.10 (dd, 1H),

7.03 (m, 2H), 6.40 (dd, 1H). 5.70 (dd. 1H). 4.36 (q. 2H), 1.39 (t, 3H). MS
(DCI/NH3) m/e 233 (l^+H)+ 250 (M+H+NH3)+.

Example 94D

15 4-fFuran-2-vlQxv^ben2vl alcohol

A solution of the compound resulting from Example 84C (535 mg,

2.30 mmol) In THF (4 mL) was added to a solution of LAH in THF (4 mL
of 1.0 M LAH). The reaction mixture was stirred at room temperature for

Ihour and then cooled to 5 ^C. Water (0.13 mL). 15% NaOH (0.13 mL),

20 and water (0.35 mL) were added sequentially, and the mixture was

stirred for 15 minutes. After the addition of Et20 and MgS04. the mixture

was filtered through a small plug of silica gel and the filtrate

concentrated under reduced pressure to afford 435 mg (100%) of the

title compound as a yellow oil. 1H NMR (CDCI3) 5 7.35 (m, 2H), 7.05

25 (dd, 1H), 7.03 (m. 2H), 6.44 (dd. 1H), 5.60 (dd. 1H). 4.66 (d, 2H), 1.63 (t,

1H); MS(DCI/NH3)m/e191 (M+H)+

Example 84E

4-(Furan-2-vloxv)benzaldehvde

30 To.the compound resulting from Example 84D (430 mg, 2.30

mmol) dissolved in 9:1 CH2CI2-CH3CN (22 mL) was added N-

morpholine-N-oxide (400 mg, 3.40 mmol) and powdered activated

molcular sieves (2.10 g). After stirring for 10 minutes, tetrapropyl-
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ammonium perruthenate (40 mg, 0.1 1 mmol) was added, the reaction

was stirred at room temperature for 30 minutes, and then celite and Et20
were added. The mixture was filtered through a small plug of silica gel,

and the filtrate concentrated to give 350 mg (81%) of the title compound
5 as a brown oil. 1H NMR (CDCI3) 5 9. 95 (s. 1 H). 7.88 (m, 2H), 7.12 (m,

3H), 6.42 (dd. 1H), 5.76 (dd. 1H). MS (DCI/NH3) m/e 189 (M+H)+ 206
(M+H+NH3)+

Example 84F

10 N-PrODvl-N-4-rfijran-P-vlnvv^bRn7vl3mino

Using the compound resulting from Example 84E, the title

compound was prepared by the method of Example 81 A. iR NMR
(CDCI3) 57.28 (m. 2H). 7.05 (dd. 1H). 6.99 (m. 2H). 6.33 (dd. 1H). 5.56
(dd. 1H), 3.77 (s. 2H). 2.60 (t, 2H), 1.55 (m, 2H). 0.93 (t. 3H). MS

15 (DCI/NH3) m/e 232 (M+H)+

Example 84R

n oc.2p.3p.4nt^-1 P-nifN-propvl.M.M.rfuran.?.

vlOXVben2vnaminocarhnnvnnynlnhiitfl ne-3.4-dinarhoxviif; aniri

20 Using the compound resulting from Example 84F, the title

compound was prepared by the method of Example 81 B. iR NMR
(DMSO-de) 5 7.32. 7.25 (both m. total 6H). 7.02. 6.95 (both m. total 4H),

6.48 (m, 2H). 5.78 (m. 2H). 4.70, 4.25 (both m. total 4H). 3.90. 3.60 (both
m, total 4H), 3.55-3.15. 2.93. 2.78 (envelope, m. m. total 4H). 1.48 (m.

25 4H), 0.80 (m. 6H). MS (FAB-) m/e 657 (M-H)-. Anal cald for

C36H38N2O10 • 0.5 H2O: C, 64.76; H, 5.89; N, 4.20. Found: C, 64.82-

H. 5.81; N. 3.99.
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gxample 95

ria.2B.3B.4a>-1.2-DirN-DroDvl-N-M.rthia7nl.9-

vloxvben2vnaminocarbonvncvclobutane-3.4-dicarhnYyiin aniri

Using ethyl-4-hydroxybenzoate and 2-bromothiazole. ethyl 4-

5 (thiazol-2-yioxy)benzoate was prepared by the method of Example 82A,

except the reaction was heated to 120 <*C overnight, and

chromatography using 9:1 hexane-EtOAc was used for the purification.

1H NMR (CDCI3) S 8.10 (m, 2H), 7.35 (m, 2H). 7.28 (d. 1H), 6.90 (d. 1H),

4.38 (q, 2H), 1.39 (t, 3H). MS (DCI/NH3) (M+H)+ 250 and (IVI+H+NHa)*

10 267.

Using the ester prepared above and the procedures described in

Example 84D provided 4-(thiazol-2-yloxy)benzyl alcohol. ""H NMR
(CDCI3) 87.43 (m. 2H). 7.28 (m, 2H). 7.23 (d. 1H). 6.82 (d, 1H), 4.70 (d,

2H), 1.88 (t. 1H). MS (DCI/NH3) (M+H)+ 208.

15 Using the alcohol prepared above and the procedures described

In Example 84E, except chromatography using 4:1 hexane-EtOAc was

used for purification, provided 4-(thlazol-2-yioxy)benzaldehyde.

NMR (CDCI3) 5 10.00 (s, 1H), 7.95 (m. 2H), 7.46 (m. 2H). 7.30 (d. 1H),

6.95 (d, 1H). MS (DCI/NH3) (M+H)+ 206 and (M+H+NHs)* 223.

20 Using the aldehyde prepared above and the procedures

described in Example 81 A, except 3-5% MeOH in CHCI3 was used for

the chromatography, provided N-propyl-N-(4-(thiazoly-2-

yloxy)benzyl)amine. "H NMR (CDCI3) 57.39 (m, 2H), 7.23 (d, 1H), 7.23

(m. 2H), 6.80 (d. 1H). 5.56 (dd. 1H), 3.80 (s, 2H). 2.63 (t. 2H), 1.55 (m.

25 2H), 0.96 (t. 3H). MS (DCI/NH3) (M+H)+ 249.

Using the amine prepared above, the title compound was

prepared by the method of Example 81 B, except additional purification

by preparative HPLC was required (Rainin Dynamax-60A CI 8 column,

using a gradient of 20-100% CH3CN vs 0.1% TFA in water). NMR
30 (DMSO-de) 57.40-7.20 (envelope, 12H). 4.75, 4.30 (both m. total 4H).

4.00, 3.89, 3.65 (all m, total 4H). 3.55-3.20. 2.96. 2.78 (envelope, m, m,

total 4H), 1.50 (m, 4H), 0.80 (m. 6H). MS (FAB+) m/e 693 (M+H)+. Anal
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cald for C34H36N408S2- 0.33 TFA: C, 56.99.- H. 5.01; N. 7.67. Found:
C. 57.02; H, 5.1 1;N, 7.64.

Example 86

5 na.2B.3fi.4«Vl.2-DifN-nrf^pv|.N-r4.(nvrrnl.1.

.vlmethvl)benzvnaminocarbonvncvclQhijtane-3 4.rii^arboyvtifi ari^

Example RRA

N-r4.rPvrrol.1-vlm6thvhhfin7vl)pni»nf

10 Using pyrrole and 4-(bromomethyI)benzonltrile and the method of
Example 83A, except using DMF as the solvent, provided N-(4-

cyanobenzyl)pyrrole. NMR (CDCI3) 5 7.62 (m, 2H), 7.14 (m, 2H),

6.69 (m, 2H). 6.24 (m, 2H). 5.15 (s. 2H). MS (DCI/NH3) (M+H)+ 183 and
(M+H+NH3)+200.

15 Using the nitrile prepared above and the method of Example 84D.
except after 1 hour at room temperature the reaction was heated under
reflux for 75 minutes, provided the title compound NMR (CDCI3) 8
7.28 (m. 2H). 7.10 (m, 2H). 6.69 (m. 2H). 6.19 (m. 2H). 5.05 (s. 2H) 3.85
(s. 2H). MS (DCI/NH3) (M+H)+ 187 and (M+H+NH3)+ 204.

20

Example RfiR

N-r4-(Pvrrol-1-vlmethvnhftn7ynDroDvlamiHa

To the compound resulting from Example 86A (1.00 g. 5.38 mmol)
and triethyiamine (0.60 g. 0.82 mL, 5.93 mmol) in CH2CI2 (8 mL) cooled

25 to 0 °C was added propionyl chloride (0.50 g, 0.47 mL, 5.41 mmol) in

CH2Ci2 (5.5 mL) dropwise. The bath was removed and the reaction

mixture stinred for 10 minutes, then diluted with EtOAc. The resulting

solution was washed with 3 x 1 M H3PO4, 3 x saturated NaHCOs and
brine, dried over Na2S04 and concentrated under reduced pressure to

30 afford 1.25 g (96%) white solid. iH NMR (CDCI3) 8 7.24 (d, 2H), 7.08 (d,

2H), 6.69 (m. 2H). 6.19 (m, 2H), 5.75 (br s. 1H), 5.05 (s, 2H) 4.40 (d. 2H).'

2.23 (q, 2H). 1.18 (t. 3H). MS (DCI/NH3) (M+H)+243 and (M+H+NH3)+
260.
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Example seC

N-ProDvl-NW4-fDvrrol.1-vlm6thvnh6n2ynamine

A solution of the compound resulting from Example 86B (1.20 g,

5 4.96 mmol) in THF (8 mL) was added to a solution of UKH in THF (9.9

mL of 1 .0M LAH), heated under reflux 3 hours, then cooled to 5 **C.

Then water (0.50 mL). 15% NaOH (0.50 mL), and water (1.50 mL) were

added and the mixture stirred for 15 minutes. After the addition of Et20

and MgS04, the mixture was filtered through a small plug of silica gel,

10 which was rinsed with CH2CI2. The filtrate was concentrated under

reduced pressue and purified by chromatography using 97:3 CHCI3-

MeOH to give a yellow oil (880 mg. 78%). iH NMR (CDCia) 5 7.28 (d,

2H), 7.08 (d. 2H). 6.69 (m. 2H). 6.19 (m, 2H), 5.05 (s, 2H) 3.77 (s, 2H).

2.59 (t. 2H). 1.55 (m. 2H), 0.93 (t, 3H). MS (DCI/NH3) (M+H)+ 229.

15

Example SfiD

M a.2B.3B.4ot^.1 2.DlfN.t>rQPvl.N.r4.fpvrrQ|.1.

vlmethvnben2vllaminocarbonvl1cvclobutane-3.4-dicarhnxyliR ariri

Using the compound resulting from Example 86C, the title

20 compound was prepared by the method of Example 81 B. NMR
(DMSO-de) 5 7.20-7.00 (envelope. 8H), 6.80 (m, 4H). 6.02 (m, 4H) 5.78

(m, 2H), 5.10, 5.08 (both s, total 4H), 4.70. 4.25 (both m, total 4H), 3.92.

3.80, 3.60 (all m, total 4H), 3.55-3.10, 2.90, 2.75 (envelope, m, m, total

4H), 1.45 (m, 4H), 0.78 (m, 6H). MS (FAB+) m/e 653 (M+H)+. Anal cald

25 for C38H44N4O6 • 0.25 H2O: C, 69.44; H, 6.82; N, 8.52. Found: C,

69.47; H, 6.70; N, 8.35.
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Example 87

(1«.2B.3B.4«)-1.2-nirN-DroDvl-Nl./B.mothYH-

phenpxvb<?n7vl)nminQcarbonvnnvciQbutanft.a 4-dicarhnyvii,^ f^^j^

5 Example fl7A

3-Methvl-4-nhftnnvyhQn?alrlfihyHo

m-Cresol (2.58 g. 24.0 mmol) in DMSO (5 mL) was added
dropwise to a suspension of NaH (60%, 1.63 g. 40.4 mmol) in DIVISO
(10 mL) over a period of 15 minutes. After another 15 minutes, a

10 solution of p-fluorobenzaldehyde (2.54 g. 20.5 mmol) in DMSO (5 mL)
was added. The reaction was heated at 125 °C for 3 hours, then cooled
to room temperature and partitioned between 1 N HCI and EtaO. The
Et20 layer was washed with 15% NaOH and brine, dried over Na2S04.
Vacuum distillation (3.4 mm Hg, 154-8 °C) gave 2.35 g oil which was

15 purified by chromatography using 9:1 hexane-Et20 to afford 1 .98 g
(46%) of a colorless oil. IH NMR (CDCI3) 89.92 (s, 1H). 7.85 (m, 2H),
7.30 (m. IH). 7.05 (m, 3H). 6.90 (m. 2H). 2.38 (s, 3H). MS (DCI/NH3)
(M+H)+ 213 and (M+H+NH3)+230.

20 Examplfi R7R

na.2R.3R.4nrV1 P-DifN-nropyl-fzl.fct-.

methvl)phehQxvhen2vl]am inocarbonvllcvrlnh|itan6.3/i.Hiri^rh^^vY|j^

acid

Using the compound resulting from Example 87A and the
25 procedures described in Example 81A provided N-propyl-N-(3-methyl-4-

phenoxybenzyOamine. lH NMR (CDCI3) 57.28 (m. 2H). 7.30 (m. IH).
6.95 (m. 2H), 6.90 (m. 1H), 6.80 (m, 2H). 3.77 (s, 2H). 2.33 (s. 3H). 2.62
(t, 2H), 1.55 (m, 2H), 0.93 (t, 3H). MS (DCI/NH3) (M+H)+ 256.

Using the amine prepared above and the procedures described
30 in Example 81B provided the title compound. ""H NMR (DMSO-dg) 6

7.30-7.10 (envelope, 6H). 7.00-6.75 (envelope, 10H), 4.70. 4.25 (both m,
total 4H). 3.95. 3.63 (both m, total 4H). 3.55-3.15, 2.95. 2.80 (envelope,
m, m, total 4H). 2.27 (m. 6H), 1.50 (m, 4H), 0.80 (m. 6H). MS (FAB+)
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(M+H)+707. Anal cald for C42H46N2O8: C, 71.37; H, 6.56; N, 3.96.

Found: C, 71.12; H, 6.49; N, 3.82.

Example 88

5 ri«.2p.3p.4ftV1.2-DifN-propvl-N-U.nanhth.p.

yloxyb6n2ynaminQcarbonyl)cvclobutane-3.4-dicarbQxvlic acid

Using 2-naphthol and the method of Example 87A, except the

vacuum distillation was omitted, afforded 4-(naphth-2-

yloxy)benzaldehyde. NMR (CDCI3) 59.94 {s. 1H). 7.90 (m, 4H), 7.78

10 (m, 1H). 7.50 (m, 3H). 7.28 (dd.lH). 7.12 (m, 2H). MS (DCI/NH3) {M+H)+

249 and (M+H+NH3)+ 266.

Using the aldehyde prepared above and the procedures

described in Example 81A afforded N-propyl-N-(4-(naphth-2-

yloxybenzyOamine. NMR (CDCI3) 57.82 (m, 2H), 7.70 (m. 1H), 7.42

15 (m, 2H), 7.32 (m, 1 H). 7.27 (m. 3H), 7.04 (m. 2H). 3.79 (s, 2H). 2.62 (t.

2H). 1.55 (m, 2H), 0.93 (t, 3H). MS (DCI/NH3) (M+H)+ 292.

Using the amine prepared above and the procedures described

in Example 81 B afforded the title compound. iH NMR (DMSO-de) S

7.90 (m, 4H). 7.78 (m, 2H), 7.44 (m. 6H). 7.25 (m, 6H). 7.00 (m, 4H). 4.70.

20 4.30 (both m, total 4H). 3.95, 3.63 (both m. total 4H), 3.55-3.15, 3.00,

2.80 (envelope, m. m, total 4H), 1.50 (m, 4H), 0.80 (m, 6H). MS (FAB+)

(M+H)+ 779. Anal cald for C48H46N2O8: C. 74.02; H. 5.95; N. 3.60.

Found: C, 73.70; H, 6.10; N, 3.54.
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Examnlft RQ

(1a.2B.3B.4a)-1.2-DifN-DrQnvl.N.r4-f3-mBthyU-|.

DhenQXv)benzvnaminocarbonvnevclnhiJtflnQ.3.4.dinarhnvY|j/- ^^i^

5 Example 89A

4-f3-Methvl-1-Dhfinnyv)ben7nnitrilft

Using phenol and 2-fluoro-5-nitrotoluene and the procedures
described In Ejample 82A. except the reaction was heated to 60 °C
overnight and vacuum distilled at 4.5 mm Hg, 174-5 "C, provided 4-(3-

10 methyl-1.phenoxy)nitrobenzene. NMR (CDCia) 8 8.16 (dd, 1H), 8.00
(dd. 1H), 7.42 (m, 2H). 7.23 (m. 1H), 7.05 (m. 2H). 6.78 (d. 1H)'.2.42'(s,

3H). MS (DCI/NH3) (M+H)+ 247.

The nitro compound prepared above was reduced under H2
using 10% Pd/C catalyst in MeOH to give 4-(3-methyl-1-

15 phenoxy)anillne. iH NMR (CDCI3) 5 7.27 (m. 2H). 6.97 (m, 1H). 6.83 (m.
2H). 6.80 (d, 1H), 6.60 (d. 1H). 6.52 (m. 1H), 3.53 (br s, 2H), 2.1 1 (s, 3H).'
MS (DCI/NH3) (M+H)+ 200 and (M+H+NHa)* 217.

The amine prepared above (2.75 g, 13.8 mmol) was added to 2K
HCI (20 mL), then cooled to 5 "C, giving a thick purple slurry. A solution

20 of sodium nitrite (0.84 g, 14.2 mmol) in water (2 mL) was added
dropwise, keeping the reaction temperature -5 °C. Addition of another
small portion of sodium nitrite to the reaction resulted in a positive

MONO test with a Kl-starch strip, so the pH was adjusted to 7-8 using
solid Na2C03. This solution was added In portions to a vigorously

25 stln-ed mixture of toluene (10 mL) and a solution of sodium cyanide (1 .65

g, 33.6 mmol) and copper(l) cyanide (1.45 g. 16.2 nimol) In water (15
mL), keeping the reaction temperature -5 'C. The very thick, brown
reaction mixture was diluted with more toluene, stirred at 5 "C for 15
minutes, then at room temperature for 2 hours. The reaction mixture was

30 added to EtOAc and 2 N HCI; the organic layer was dried with Na2S04
and concentrated in vacuo. The residue obtained was
chromatographed eluting with 95:5 hexane-Et20 to give the title

compound as an orange-red oil (500 mg, 17%). 1H NMR (CDCI3) 5 7.55
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(d. 1H). 7.40 (m, 3H), 7.20 (m. 1H), 7.00 (m, 2H). 6.79 (d. 1H), 2.35 (s,

3H). MS (DCI/NH3) (M+H+NH3)+227.

Example 893

5 4-r3.Methvl-1-ph6noxv^benzald6hyde

To the compound resulting from Example 89A (490 mg, 2.34

mmol) dissolved in toluene (12 mL) and cooled to 0 X was added 5 mL
of 1.5 M DIBAL in toluene. The reaction mixture was stirred at 0-10 **C

for 2.5 hours, then EtOAc and 1 H HCI were added. The organic layer

10 was washed with water and brine, dried over Na2S04 and concentrated

under reduced pressure. Chromatography of the residue using 95:5

hexane-EtOAc gave the title compound as an orange oil (330 mg, 66%).

1H NMR (CDCI3) 6 9.90 (s, 1H), 7.80 (d. 1H), 7.63 (dd, 1H), 7.40 (m, 2H).

7.19 (m, 1H). 7.03 (m, 2H). 6.85 (d, 1H), 2.40 (s. 3H). MS (DCI/NH3)

15 (M+H)+ 21 3 and (M+H+NH3)+ 230.

Example 89C

f1 a.2B.3B.4al-1 .2-DifN-proDvl-rS-methyM-

phBnoxvben2vnaminocarbonvHcvclobutane-3.4-dicarboxylic acid

20 Using the compound resulting from Example 898 and the

procedures described in Example 81A afforded N-propyl-N-(4-(3-

methyl-1-phenoxy)ben2yl)amine. NMR (CDCI3) 6 7.30 (m, 2H), 7.22

(d. 1H). 7.10 (dd, 1H), 7.03 (m. 1H). 6.88 (m, 3H), 3.76 (s, 2H), 2.64 (t,

2H), 2.22 (s, 3H), 1.58 (m. 2H), 0.95 (t, 3H). MS (DCI/NH3) (M+H)+ 256.

25 Using the amine prepared above and the procedures described

in Example 81 B. the title compound was prepared. NMR (DMSO-de)

67.35 (m, 4H). 7.19 (m, 2H), 7.07 (m, 4H), 6.84 (m, 6H), 4.65. 4.30 (both

m, total 4H), 3.95. 3.63 (both m, total 4H), 3.55-3.10. 3.00, 2.80

(envelope, m. m, total 4H), 2.18, 2.15. 2.13, 2.10 (all s, total 3H), 1,50 (m,

30 4H), 0.80 (m, 6H). MS (FAB+) (M+H)+ 707. Anal cald for C42H46N2O8:

C, 71.37; H. 6.56; N, 3.96. Found: C, 70.96; H, 6.39; N, 3.84.
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Example 90

(1 «.2B. 3B. 4a)- 1 . 2-DirN-Dronvl.Nl.f^.(4.methyl. 1

PhenQXV)benzvl)aminocarhonvllcvclohtJtane-3.4.riir^ar^pxvlin anid

Using p-cresol and the procedures described in Example 87A,
5 except the vacuum distillation was om itted, afforded 4-(4-methyl- 1 -

phenoxy)benzaldehyde. iH NMR (CDCI3) 59.92 (s, 1H). 7.82 (m, 2H).

7.21 (m, 2H), 7.04 (m, 2H), 6.98 (m. 2H), 2.38 (s, 3H). MS (DCI/NH3)
(M+H)+ 213 and (M+H+NHa)* 230.

Using the aldehyde prepared above and the procedures

10 described in Example 81A afforded N-propyl-N-(4-(4-methyl-1-

phenoxy)ben2yl)amine. 1H NMR (CDCI3) 5 7.28 (m, 2H). 7.13 (m, 2H),

6.95 (m. 2H), 6.90 (m. 2H). 3.77 (s. 2H). 2.62 (t. 2H). 2.32 (s. 3H), 1.55

'

(m, 2H), 0.93 (t. 3H). MS (DCI/NH3) (M+H)+ 256.

Using the amine prepared above and the procedures described

15 In Example 81 B afforded the title compound. ""H NMR (DMSO-de) 5
7.20 (m, 8H). 6.96-6.82 (envelope. 8H), 4.70. 4.25 (both m. total 4H).

3.90. 3.60 (both m, total 4H). 3.55-3.15. 2.95. 2.78 (envelope, m. m. total

4H), 2.27 (m, 6H). 1.50 (m. 4H). 0.80 (m, 6H). MS (FAB+) (M+H)+ 707.
Anal cald for C42H46N2O8 • 0.25 H2O: C, 70.92; H. 6.59; N. 3.94.

20 Found: C, 70.80; H, 6.69; N. 3.83.

Example 91

ria.2R.3R.4fyVi 9.ni[N-Dronvl-^l.r^lnaph^h.1

vlPXVben2vl)aminocarbonv^cvnlobutane.?^ 4.dicarbnyvlin a^irl;

25 Using 1-naphthol and the procedures described in Example 87A,
except the vacuum distillation was omitted, afforded 4-(naphth-1-

yloxy)ben2aldehyde. NMR (CDCI3) 5 9.93 (s. 1H), 8.00 (dd. 1H),

7.93 (d, 1H), 7.85 (m. 2H). 7.76 (d. 1H), 7.55 (m, 1H). 7.49 (m, 2H). 7.17
(dd, 1H), 7.08 (m, 2H). MS (DCI/NH3) (M+H)+ 249 and (M+H+NH3)+

30 266.

Using the aldehyde prepared above and the procedures

described in Example 81A afforded N-propyi-N-(4-(naphth-1-

ytoxy)ben2yl)amine. lH NMR (CDCI3) 88.21 (m. 1H), 7.87 (m, 1H), 7.60
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(d. 1H) 7.50 (m. 2H). 7.37 (dd, 1H). 7.30 (m, 2H), 7.02 (m. 2H). 6.93 (dd.

1 H), 3.79 (s, 2H), 2.62 (t. 2H), 1 .55 (m, 2H). 0.93 (l, 3H). MS (DCI/NH3)

(M-^H)-'292.

Using the amine prepared above and the procedures described

5 in Example 81 B. the title compound was prepared. 1H NMR (DMSO-de)

68.05 (m, 2H). 7.97 (m. 2H), 7.73 (m, 2H). 7.60-7.40 (envelope, 6H),

7.25, 7.18 (both m, total 4H), 6.95 (m, 6H), 4.70. 4.27 (both m. total 4H),

3.90, 3.63 (both m, total 4H), 3.55-3.15, 2.95, 2.78 (envelope, m, m, total

4H), 1.50 (m, 4H), 0.80 (m, 6H). MS (FAB+) (M+H)+ 779. Anal cai'd for

10 C48H46N2O8 • 0.25 H2O, 73.59 C. 5.98 H. 3.58 N. Found: C. 73.46; H,

5.94; N, 3.48.

Example 92

(1a.2p.3p.4aV1.2-DirN-DrQDvl-N-/4.

15 ph6noxybenzvhaminocarbonyl1cyclobutane.3.fN-f5.

t6tra2olvn]carbQxam id6-4-carboxvlic acid

Example 92A

Methvl M a.2B.3B.4a^.1 2-DirN.DrQDvl.N.r4.

20 phenoxyben2vnaminocarbonvllcvclobutane-.^-fNI-rfi-

tetra20lynicarboxamide-4-carboxvlate

To the compound resulting from Example 95 (118 mg, 0.17 mmol)

dissolved in THF (0.8 mL) was added carbonyl diimidazole (28 mg, 0.17

mmol). The reaction was heated under reflux for 1 .5 hours, and then

25 anhydrous 5-aminotetrazole (22 mg, 0.26 mmol) was added, and the

reflux was continued for another 2.5 hours. After cooling to room

temperature, ice and 3 M HCI were added, followed by extraction with

EtOAc. The combined organic extracts were washed with brine, dried

over Na2S04, and concentrated under reduced pressure. The residue

30 obtained was purified by chromatography eluting with 98.75:1.25:0.5

CHCl3-MeOH-CH3C02H to afford 50 mg (38%) of the title compound as

a glass. MS (FAB+) m/e 760 (M+H)+
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Examolfi APR

n a.2B.3R.4a^-1 P-nirN-Dronvt-M-f^l-

Dhenoxvben2vnaminocarbnnvl]nvciQh[jtane-'^fN).(
fi.

tetrazolvmcarboxamidft.4-oarboxvlin aoiri

5 To the compound resulting from Example 92A (47 mg, 0.062
mmol) dissolved In MeOH (1.2 mL) and cooled to 0 °C was added a
solution of lithium hydroxide monohydrate (11 mg. 0.26 mmol) in water

(0.3 mL). The reaction was stirred at 0-10 °C under N2 for 1.5 hours,

then warmed at room temperature for 3 hours. The reaction mixture was
10 partitioned between EtOAc and 1 M H3PO4, and the organic phase was

washed with brine, dried over Na2S04, and concentrated under
reduced pressure. The residue obtained was purified by
chromatography eluting with 97.5:2.5:0.5 CHCl3.MeOH-CH3C02H to

afford a glass that was treated as in Example 81 B to give 20 mg (44%)
15 of the title compound as a white solid. 1 H NMR (DMSO-ds) 5 7-39, 7.28,

7.13. 7.00 (all m. total 18H). 6.63 (m. 1H). 4.75, 4.33 (both m, total 4H).

4.00, 3.75 (both m. total 4H), 3.60-2.60 (envelope, total 4H), 1.50. 1.15

(both m, total 4H). 0.83. 0.55 (both m, total 6H). MS (FAB+) (M+H)+ 746.
Anal cald for C41H43N7O7 • 1.0 H2O: C, 64.47; H, 5.94; N, 12.84.

20 Found: C, 64.59; H, 6.00; N. 12.60.
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Eyamplg 93

ri a.2B.3B.4a)-1 .2.DirN-DroDvl.N.M-

phenQxybenzvl)aminocarbonvl1cvclobutan6.3WN»-(fi.

tatragQlvhaminQcarbQnvlamino^-4.carhoxvlic atiiri

5

Example 93A

Methvl ria.2B.36.4aV1 .2.DirN-Dropyl-N.(4-

phenoxvbenzvnaminocarbonvncvclobutane-3-(NI.(fi.

tetra2Qlyl)aminocarbonvlaminoV4-carbQxylatp

10 To the compound resulting from Example 95 (212 mg, 0.30 mmol)

dissolved in toluene (3 mL) was added triethylamine (0.42 mL, 31 mg,

0.30 mmol) and diphenylphosphorylazide (0.72 mL, 92 mg, 0.33 mmol).

After stirring at 65 *C under N2 for 2.25 hours, anhydrous 5-

aminotetrazole (255 mg, 3.00 mmol) was added and stirring was

15 continued at 90 X under N2 overnight. The reaction was diluted with

EtOAc. washed with 1 M H3PO4 and brine, then dried over Na2S04.

After filtration and evaporation, the residue was purified by

chromatography using 98.75:1.25:0.5 CHCl3-MeOH-CH3C02H to afford

50 mg (21%) of the title compound as a glass. MS (FAB+) (M+H)+ 775.

20

Example 93B

n a.2p.3p.4a)-1 2-DirN-Dropy|.NI.f4.

phenoxvbenzvnaminocarbonvncyclobutane.3-/N.rfi.

tetrazolvl)aminocarbonvlaminQV4.carbQxyliR arirl

25 Using the compound resulting from Example 93A and the

procedures described in Example 82B. except the reaction was run at

room temperature overnight and the chromatography used 97:3:1

CHCl3-MeOH-CH3C02H, afforded the title compound. NMR (DMSO-

de) was consistent with expected structure. MS (FAB+) (M+H)+ 761

.

30 Anal cald for C41H44N8O7 • 1.25 H2O: C. 62.87; H, 5.98; N, 14.30.

Found: C, 62.61; H. 5.80; N, 14.06.
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Example 94

(1 a.2B.3S.4a)-1 2-DirN.pmpyl.NI.(4.

phenoxvbenzvnaminocarbonvncvclobutan6-3.4-dinqrboxvlie aftiri

Dimethyl Ester

5 The resultant add from Example 17 (268 mg, 0.395 mmol) in

dichloromethane (5 mL) was treated with an excess of an ether solution

of diazomethane. Evaporation of the solvent afforded 283 mg (100%) of

the title compound as an oil. NMR (CDCI3. 300 MHz) 5 7.40-6.87 (m,

18H). 4.83, 4.81, 4.64. 4.57. 4.34. 4.22 (6 d. total 4H), 4.20-4.08, 3.97-

10 3.81 (2 m, total 4H). 3.72. 3.69. 3.53. 3.52 (4 s, total 6H). 3.63-3.43, 3.35-

3.17, 3.17-3.01. 3.01-2.86 (4 m, total 4H), 1.68-1.48 (m, 4H), 0.97-0.78

(m. 6H).

Example 95

15 Ma.26.3B.4a)-1.2-DirN-DroDvl-N-(4-phenoxvben7yl)aminocarhr>nyn-,q.

fmethoxvcarbonvncvclobutane-4-narboxvnR Aniri

The resultant acid from Example 17 (10.97 g, 16.16 mmol) in

dichloromethane was treated with an excess of an ether solution of

diazomethane. The solvent was evaporated, and the residue was
20 dissolved In a mixture of tetrahydrofuran (135 mL) and methanol (20 mL)

and cooled to -10 "C. A cold solution of LiOH monohydrate (680 mg,
16.2 mmol) in water (45 mL) was added, and the reaction was stirred at

-1 0 to 0 "C for 3 hours and then was placed In a -20 freezer

overnight. The reaction was quenched with 2 M HCI and concentrated.

25 The residue was dissolved in ethyl acetate, washed with brine, dried

over Na2S04 and evaporated. Chromatography of the residue on silica

gel with 2-4% methanol in chloroform afforded 5.56 g (50%) of the title

compound as a foam. ""H NMR (CDCI3, 300 MHz) 5 7.40-6.83 (m, 18H).

4.88-3.80 (envelope. 8H). 3.71. 3.68. 3.52. 3.51 (4 s. total 6H). 1.65-1.38

30 (m, 4H), 0.94-0.75 (m, 6H). Anal calcd for C41 H44N2O8 0.5 H2O: C,

70.17; H, 6.46; N, 3.99. Found: C, 69.82; H, 6.28; N, 4.01.
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Example 96

(1ot.2p.3a.4aV1.2-DirN-Dropvl-N^r4.

phenoxyben2vnaminocarbonvncvclobutane-3.4>dicarboxylic Acid

5 Example 96A

f1a.2p.3a.4a^-1.2-DirN-DroDvl>N-f4-DhenQxvben2vnaminocart)onvlV

fmethoxvcarbQnvncvclobutane-4>carboxylic Acid

To dlisopropylamine (36 ^iL, 0.26 mmol) in tetrahydrofuran (1 mL)

at -78 °C was added n-BuLi (110 ^L, 0.237 mmol, 2.15 M in hexane).

10 After 10 minutes the resultant compound from Example 95 (70.1 mg,

0.101 mmol) in tetrahydrofuran (1 mL) was added. After 20 minutes at

-78 X, acetic acid (60 ^iL) in tetrahydrofuran (1 mL) was added, the

solvent was evaporated, arid the residue was partitioned between

chloroform and a 2:1 mixture of brine and 2 M HCI. The mixture was

15 extracted with chloroform which was dried over Na2S04 and evaporated

to afford 71.2 mg of a mixture of the title compound and the starting

monoester. 1H NMR 5 (CDCI3, 300 MHz) 3.655, 3.650, 3.595, 3.590

(title compound) and 3.71, 3.68, 3.52, 3.51 (starting monoacid) (8 s, total

6H).

20

Example 9gB

(1 ff,2p.3a.4a)-1 ,2-Di[N-propyl>N-(4-

phenoxvben2ynaminocarbonvncvclobutane-3.4-dicarbQxvlic Acid

To the resultant compound mixture from Example 96A (64.3 mg,

25 0.093 mmol) in tetrahydrofuran (1 .5 mL) at 0 °C was added LiOH

monohydrate (14 mg, 0.33 mmol) in water (0.5 mL). After 2 hours at 0 **C

and 1 hour at ambient temperature the reaction was quenched with a

1:1 mixture of brine and 2 M HCI. The mixture was extracted with

chloroform which was dried over Na2S04 and evaporated to afford 59.4

30 mg of a mixture of the title compound and the resultant compound from

Example 17. Separation by reverse-phase HPLC (60% CH3CN/40%

H2O/0.1% trifluoroacetic acid mobile eluent) afforded 23.9 mg of the title

compound. NMR 5 (De-DMSO, 300 MH2) 7.40-7.30. 7.20-7.06, 7.02-
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6.91, 6.91-6.82 (4 m. total 18H). 5.15-4.98, 4.78-4.53. 4.45-4.30, 4.27-

4.08 (4 m, total 4H).

Example 97

5 f 1 a.2B.3a.4BV1 .g-DirN-nmnvl-M-M.

phenoxybenzynaminocarbonvl1cvclnbutane-3 4-dicarbQxylin Ariri

Sodium methoxide in methanol (2 mL of 27.4 mg Na In 10 mL
methanol) was added to the resultant compound from Example 94 (70.3

mg, 0.099 mmol), and the mixture was heated at reflux for 18 hours. The
10 mixture was diluted with ethyl acetate, washed with 2 M HCI and brine,

and then was dried over Na2S04 and evaporated to afford 60.9 mg
(87%) of an oil. This material was dissolved in methanol (2 mL) and
treated with 1 M NaOH (0.5 mL). After 5 hours at ambient temperature,

the solvent was evaporated, and the residue was partitioned between

15 chlorofomi and a 2:1 mixture of brine and 2M HCI. The mixture was
extracted with chloroform which was dried over Na2S04 and

evaporated. Recrystallization of the residue from a mixture of ethyl

acetate and hexane afforded 42.3 mg (63%) of the title compound as a
white solid. NMR (Ds-DMSO. 150 °C, 300 MHz) 5 7.40-6.90

20 (envelope, 18H), 4 55 (d. 2H). 4.44 (d, 2H), 3.76 (d. 2H). 3.36 (d, 2H),

3.21 (t, 4H). 1.53-1.40 (m. 4H). 0.80 (t, 6H). Anal calcd for C40H42N2O8:
C. 70.78; H, 6.24; N, 4.13. Found: C, 70.66; H, 6.20; N, 4.07.
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Example 98

na.2B.3B.4aVl.2.DirN.DroPvl-N.M-Dh6no)cyhpn7vnammonarhnnyl].a.

frhvdroxvamino)carbonvl1cvclobutane-4.carbo)n/lic aniri

5 Example 98A

ria.2p.3p.4cx^-3-men2vloxvamino^carbonvl-1.2.difN.propv|.N-r4-

Dhenoxyb6n2yl)amlnoearbonylH-^nnethoxvcarbonvnnynln^Hfpnft

To the resultant compounci from Example 95 (72.5 mg, 0.105

mmoi) In dichloromethane (2 mL) at -10 "C was added 4-

10 methylmorpholine (28 ^L, 0.26 mmol) followed by isobutylchloroformate

(15 )il_ 0.11 mmol). After 3 minutes, (0-ben2yl)hydroxylamlne

hydrochloride (20 mg, 0.13 mmol) was added. The reaction was stirred

at -10 to 0 °C for 15 minutes and then at ambient temperature for 2
hours. The mixture was diluted with ethyl acetate and washed

15 sequentially with 2 M HCI, saturated NaHCOa solution and brine, dried

over Na2S04 and evaporated. Chromatography of the residue on silica

gel with 50% ethyl acetate in hexane afforded 67.1 mg (80%) of the title

compound. 1H NMR (CDCb. 300 MHz) 5 7.45-6.85 (m. 23H), 5.43-4.70

(m, 2H). 3.67, 3.62. 3.53, 3.51 (4 s. total 3H).

20

Example 98B

Ma.2B.3B.4al-1.2-DirN-propvl-N-f4-Phenoxyben2vnaminocarbonvl]-3.

fhydroxyamino)carbonvl-4-rmethoxvcarbonvncvclQbiitane

The resultant compound from Example 98A (65.0 mg. 0.081

25 mmol) and 10% Pd/C (51 mg) in ethyl acetate (2 mL) were stirred under

a hydrogen atmosphere for 4 hours. The mixture was filtered and

evaporated to afford 51.7 mg (90%) oil the title compound as a foam. iH

NMR (CDCI3. 300 MHz) 5 7.40-6.77 (m, 19H), 4.85-4.22 (m, 4H). 4.22-

3.70 (m. 4H), 3.69. 3.66, 3.55. 3.53 (4 s. total 3H), 3.60-2.90 (envelope,

30 4H). 1.65-1,30 (m, 4H), 0.93-0.75 (m, 6H).
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Examole flfin

fl0t.2B .3B.4ff)-1,?-PirN-proDv|.N-r4.nhenQyvh»n^yl)p,minnrarhnnyl].;^.

f(hVdrQXVamtno)carbonvncvclnhiitana.4.carbnyvli^ ^q\r^

To the resultant compound mixture from Example 98B (48.9 mg,
5 0.069 mmol) in tetrahydrofuran (1 .5 mL) at 0 °C was added UOH

monohydrate (1 1.0 mg, 0.26 mmol) in water (0.6 mL). After i hour at 0
"C the reacUon was quenched with 2M HCI and concentrated. The
residue was dissolved in ethyl acetate, washed with a 1:1 mixture of
brine and 2 M HCI and then brine, dried over Na2S04 and evaporated.

10 The residue was dissolved in dichloromethane which was made turbid
with hexane and evaporated to afford 45.8 mg (96%) of the title product
as a foam. 1H NMR (CDCI3, 300 MHz) 6 7.45-6.75 (m, 19H), 4.85-2.65
(envelope, 12H). 1.60-1.25 (m, 4H). 0.90-0.65 (m. 6H). Anal calcd for

C40H43N3O8: C. 69.25; H, 6.25; N, 6.06. Found: C. 69.25; H 6 47- N
15 5.79.

'
'

Example 99

/1a.2B.3R.4aV3-rAminMcarbQnvl-1 9.DirN.prnpy|.|y.(4-

phgngxvbenzvDaminocarbonvncvciohi itflno.4.(>arhny^/i.>

20

Example 99A

(1a.2fl.3B.4a^-3-fAmino)carhnny|.1, g-difN-prnpYl-M.(4.

phenoxvbenzvl)aminocarbonvn-4-rmethnYvnprhnnvi^nvninh..t^P^
Using the procedure of Example 98A but replacing (O-

25 ben2yl)hydroxylamine hydrochloride with concentrated aqueous
NH4OH gave, after chromatography on silica gel with 80% ethyl acetate
in hexane, the title compound in 89% yield as a foam. 1H NMR (CDCI3,
300 MHz) 5 7.25-6.72 (m, 18H). 6.32-6.05. 5.29-5.08 (2 br, total 2H),
4.80. 4.75, 4.65. 4.58, 4.45. 4.38, 4.35-4.25 (6 d. 1 m, total 4H). 4.16-3.92

30 (m, 4H), 3.75, 3.73. 3.62 (3 s, total 3H). 3.75-2.90 (envelope, total 4H),
1 .70-1.35 (m. 4H), 0.95-0.75 (m, 6H).
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n«.2p.3p.4aV3.rAmino^carbonvl-1.2-difN.propy|.N.r4.

phenQxybenzvnaminocarbonvncvclobutane-4.carhoxvlic Acid

Using the procedure of Example 98C with the resultant

5 compound from Example 99A afforded the title compound in 100% yield

as a foam. IH NMR (CDCI3. 300 MHz) 8 7.40-6.85 (m. 18H). 6.50-6.20,

5.60-5.40 (2 br, total 2H). 4.82-4.15 (envelope, total 4H), 4.15-3.90 (m,

4H). 3.75-2.90 (envelope, total 4H), 1.70-1.35 (m. 4H), 0.95-0.72 (m.

6H). Anal calcd for C40H43N3O7 0.4 hexane: C, 71.52; H, 6.89; N,

10 5.89. Found: C, 71 .26; H. 6.91 ; N, 5.57.

Example 100

(1a.2p.3p.4a)-1.2-Di[N-propyl-N-(4-phenoxyben2yl)aminocarbonyn-3-

(trifluorQmethanesulfQnylamino)cvclQbutane-4-carboxyliQ acid

15

Example 10QA

(1fit.2p.3p.4aV3-(teff-Butyloxycarbonylamino^.1.2-difN.oropvl-N.U-

Dhenoxyben2vnaminocarbonvn-4-fmethoxvcarbQnyncvclohiJtane

The resultant compound from Example 95 (147.5 mg, 0.213

20 mmol) in toluene (2 mL) was treated with triethylamine (30 |xL, 0.21

mmol) and diphenylphosphoryl azide (50 \xL. 0.23 mmol) and then was

heated to 65-70 °C for 2 hours. terf-Butanol (200 ^iL, 2.1 mmol) was

added, and the reaction was stirred at 90 **C for 90 hours. The mixture

was diluted with ethyl acetate, washed sequentially with 2 M HCI,

25 saturated NaHCOs solution and brine, dried over Na2S04 and

evaporated. Chromatography of the residue on silica gel with 25-30%

ethyl acetate in hexane afforded 64.0 mg (39%) of the title compound as

a foam. IH NMR (CDCI3, 300 MHz) 8 7.47-6.87 (m. 18H), 5.40-2.90

(envelope, total 13H), 3.71, 3.69. 3.56 (3 s, total 3H). 1.63-1.30 (m. 4H).

30 1 .54, 1 .53. 1 .45 (3 S. total 9H), 0.95-0.77 (m, 6H).
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Examole 100R

f1«.gB.3B.4a)-1.2-PifN-DrOPVl-N-f4-DhennxyhPn2vnaminnrarhnny|].4.

methQXVCarbonvl-3-farifluoromethanefinlfonvnaminn]cvclobiitane

The resultant compound from Example 100A (62.0 mg, 0.081

5 mmol) was stirred for 1 hour In 4 M HCI in dioxane and evaporated. The
residue was dissolved In dichloromethane, treated with triethylamlne (25

\iL) and applied directly to the top of a silica gel column which was
eluted with ethyl acetate to afford 44.5 mg (83%) of the primary amine as
a foam. To this compound (44.5 mg, 0.067 mmol) in dichloromethane (2

10 mL) at -78 °C was added triethylamine (10 ^iL. 0.071 mmol) and
trifluoromethanesulfonic anhydride (12 |iL, 0.071 mmol). After 1 hour,

the reaction was warmed to ambient temperature and applied directly to

the top of a silica gel column which was eluted with 25% ethyl acetate in

hexane to afford 39.0 mg (73%) of the title compound as a foam, '•h

15 NMR (CDCI3. 300 MHz) 5 7.45-6.85 (m, 1 8H). 5.00-2.87 (envelope, total

12H). 3.75. 3.72. 3.56, 3.54 (4 s, total 3H). 1.70-1.37 (m. 4H), 0.95-0.75

(m, 6H).

Example iQOn

20 f1a.2B.3R.4aV1.2-DirN-Propvl-N-M-phPnoxvhfin7vnaryiinonarhnnyl].,q-

fftrifluoromethanesulfonvhaminnlnyclobutanft-A.carbnxylir

Using the hydrolysis procedure of Example 97 with the resultant

compound from Example 100B afforded the title compound in 100%
yield as a glass. NMR (CDCI3. 300 MHz) S 7.40-6.80 (m, 18H), 5.02-

25 2.90 (envelope, totai 12H). 1.70-1.35 (m. 4H). 0.95-0.75 (m, 6H). Anal
calcd for C40H42N3O8F3S • 0.25 H2O: C, 61.10; H, 5.45; N. 5.34.

Found: C, 60.99; H, 5.13; N. 5.13.
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Fxamplg 1Q1

(1ffi.gp,3p,4ttM-(Carboxy)m9thYlVi.2-c|i[N>prppy|-N'H^

phenQxvbenzvnaminocarbQnvncvclQbutane>3-carbQxylic acid

5 Example 101

A

(1a,2p.3p.4aV1.2>DifN>prQDvUN>f4-Dhenoxvbenzynaminocarbonyl]-3>

dia2Qacetvl-4-fm6thQXVcarbonyncyclQbutan6

To the resultant compound from Example 95 (259 mg. 0.374

mmol) in dichloromethane (3 mL) at -10 was added 4-

10 methylmorpholine (50 ^L, 0.46 mmol) followed by isobutylchloroformate

(54 \iU 0,41 mmol). After 3 minutes, an excess of an ether solution of

diazomethane was added. The reaction was warmed from -10 to ICC
over 3 hours. The mixture was washed with saturated NaHCOa solution

and brine, dried over Na2S04 and evaporated. Chromatography of the

15 residue on silica gel with 40% ethyl acetate in hexane afforded 213 mg

(80%) of the title compound as a pale yellow foam. 1H NMR (CDCI3,

300 MHz) 5 7.39-6.87 (m, 18H), 5.47, 5.43, 5.33, 5.29 (4 s, total 1H).

4.98-2.90 (envelope, total 12H), 3.72, 3.71, 3.562, 3.560 (4 s. total 3H),

1.67-1.40 (m, 4H), 0.95-0.76 (m, 6H).

20

Example 1Q1B

(1a.2p.3p.4aM.2-DirN-proDvl-N-(4-Dhenoxvbenzvnaminocarbonyl]-3-

methoxycarbonyl-4'(methoxycarbonylmethvncyclQbutane

The resultant compound from Example 101A (210 mg, 0.293

25 mmol) in methanol (2 mL) was treated with a solution of silver benzoate

in triethylamine (50 jiL of 50 mg AgOBn in 1.0 mL triethylamine). After 1

hour, the solvent was evaporated, and the residue was

chromatographed on silica gel with 25% ethyl acetate in hexane to

afford 174 mg (82%) of the title compound as an oil. ""H NMR (CDCI3,

30 300 MHz) 5 7.40-6.87 (m, 18H), 4.98-4.05 (envelope, total 8H), 3.71,

3.68, 3.65, 3.64, 3.542, 3.540, 3.52, 3.51 (8 s, total 6H), 3.60-2.75

(envelope, total 4H), 2.62-2.38 (m, 2H), 1.69-1.39 (m, 4H), 0.97-0.78 (m,

6H).
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Example 101C

f1a.2p.3p.4a)-4-rCarboxv)methvni 2-dirN-nrnpYl.Nl.f4.

Dhenoxvbenzvl)aminocarbonvl]cvclnhiitane.3.narhnxviin Aniri

5 Using the procedure of Example 98C with the resultant

compound from Example 101B afforded the title compound in 100%
yield as a foam. ""H NMR (CDCia 300 MHz) 5 7.47-6.82 (m. 18H), 4.88-

2.78 (envelope, total 12H), 2.68-2.25 (m. 2H). 1.65-1.35 (m. 4H), 0.95-

0.72 (m, eH). Anal calcd for C41H44N2O8: C, 71.08; H. 6.40; N, 4.04.

10 Found: C. 71.31; H. 6.55; N. 3.73.

Example 102

na.2B.3B.4a)-3.4-Bis(dia2oacetvl^-1 P-dirN-nrnpvl-N-(4.

Dhenoxvben2vnaminocarbonyllr:v(^lnt;>^itg^np

15 To the resultant compound from Example 17 (202 mg, 0.298

mmol) In dlchloromethane (2 mL) at -10 °C was added 4-

methylmorpholine (75 jiL, 0.68 mmol) followed by Isobutylchloroformate

(85 nL, 0.65 mmol). After 4 minutes, an excess of an ether solution of

diazomethane was added. The reaction was warmed from -10 to 10 "C
20 over 3 hours. The mixture was washed with saturated NaHCOa solution

and brine, dried over Na2S04 and evaporated. Chromatography of the

residue on silica gel with 50% ethyl acetate in hexane afforded 130 mg
(60%) of the title compound as a yellow foam. iH NMR (CDCI3, 300
iWIHz) 57.38-6.88 (m, 18H), 5.28. 5.23, 5.15, 5.12 (4 s. total 2H). 4.98-

25 3.84 (envelope, total 8H), 3.65-2.97 (envelope, total 4H), 1 .68-1 .45 (m,

4H). 0.97-0.79 (m. 6H).
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Example 103

Mft.2p.3p.4aV1.2-Dir-N.DroDvl.N.M.

phenoxybenzyhaminocarbonvncvclobutane-3.4-diae6tin anid

5 Example 103A

(lfypp.3p.4fiV1.2-difN-propvl-N-M-Dhenoxvbsn2vnaminoGarbQnYn-

ftyftlobutane-3.4-diacetic acid dimathyl ester

The resultant compound from Example 102 (120 mg, 0.165 mmol)

in methanol (2 mL) was treated with a solution of silver benzoate in

10 triethylamine (50 of 50 mg AgOBn in 1 .0 mL triethytamine). After 2

hours, the solvent was evaporated, and the residue was

chromatographed on silica gel with 25% ethyl acetate in hexane to

afford 90.6 mg (75%) of the title compound as an oil. ""H NMR (CDCI3,

300 MHz) 5 7.40-6.87 (m, 18H). 4.97-4.87, 4.73-4.62, 4.25-4.05 (3 m,

15 total 8H), 3.66, 3.64, 3.55 (3 s, total 6H), 3.73-3.54, 3.32-3. 1 5, 3.08-2.95.

2.85-2.35 (4 m, total 8H), 1.72-1.42 (m, 4H), 0.98-0.78 (m, 6H).

Example 103B

(1 ffi.2p.8Mtt)-1 8-Di[-N-prppyl-N-(4-

20 phenQxybenzyl)afninocarbQnvneyclQbutane-3.4.diacetic acid

To the resultant compound from Example 103A (87.8 mg, 0.119

mmol) in methanol (1.5 mL) and tetrahydrofuran was added 1 M NaOH

(0.5 mL). After 15 hours the reaction was quenched with 2 M HCI and

concentrated. The residue was dissolved in ethyl acetate and washed

25 with a 1 :1 mixture of brine and 2M HCI and then brine, dried over

Na2S04 and evaporated to afford 88 mg (100%) of the final product as a

foam. ""H NI^R (CDCI3. 300 MHz) 5 7^37-6.90 (m, 18H). 4.97-4.89. 4.62-

4.54. 4.35-4.23, 4.20-4.10, 3.68-3.58, 3.21-3.04. 2.96-2.51. 2.32-2.22.

2.19-2.08 (multiplets, total 16H). 1.76-1.46 (m, 4H). 0.98-0.82 (m, 6H).

30 Anal calcd for C42H46N2O8: C, 71.37; H, 6.56; N, 3.96. Found: C,

71.09; H. 6.83; N, 3.70.
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Examoles 104A anri in4R

rift.2R.3p.4rrUl P-DirN-nmpyl.M-(4.

Dhenoxvb6nzvnaminocarbQnyncvclobutanP-3.4-dicarboxvlic aniri Mnn^
Norleucinfi Ami<;lP

5 The resultant compound from Example 95 (100 mg, 0.144 mmol),

£/,ANorleucine-OMe hydrochloride (35.0 mg, 0.193 mmol), 1-

hydroxybenzotrlazole (53.0 mg, 0.392 mmol) and 4-methylmorphollne

(35 ILL. 0.32 mmol) In dimethylformamlde (1.5 mL) at -10 "C were treated

with 1-(3-dimethylaminopropyl)-3-ethylcarbodlimide hydrochloride (40
10 mg, 0.21 mmol). After 2 hours the cooling bath was removed, and the

reaction was stirred at ambient temperature for 14 hours. The mixture

was poured into saturated NaHCOs solution and extracted into ethyl

acetate which was washed with water and brine, dried over Na2S04
and evaporated. Chromatography of the residue on silica gel with 30-

15 35% ethyl acetate In hexane afforded two mono-esters, diastereomeric

at the leucine a-carbon, In 89% total yield. Each was hydrolyzed

according to the procedure of Example 98C to afford the title

compounds. Anal calcd for 104A C46HS3N3O9: C, 69.76; H, 6.75; N.

5.31. Found: C, 69.73; H. 6.69; N, 5.10. Anal calcd for 104B
20 C46H53N3O9 • 0.3 H2O: C. 69.29; H, 6.76; N. 5.27. Found: C, 68.90; H,

6.85; N, 5.04.

Example I0fi-ii?

The following compounds were prepared according to the

25 methodof Example 104.

Examoifi IPSA

na.2p.3p.4«>.1 .2-DirN.prr>pvl.M.f4.

Dhenoxvben2vnaminocarhnnvncvRlnhiitane-3-nhanoxycarhnny|-4.

30 carboxvlif: anid

Anal calcd for C49H51N3O9: C. 71.26; H, 6.22; N, 5.09. Found:
C, 70.99; H, 6.32; N. 4.86.
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ExamplQ 1Q5B

f 1 a.2p.3p.4a^.1 2-Di[N.prQpvl.N.M.

phenoxvbenzvnaminocarbonvllcvclobutan6-3.Dh6noxycarbony|.4.

carboxylic acid

5 Anal calcd for C49H51 N3O9 • 0.5 H2O: C. 70.49; H, 6.28; N, 5.03.

Found: C, 70.33; H, 6.33; N, 4.85.

Example 106

M a.2p.3p.4a)-1 .2-DifN-propy|.N-(4-

10 Dhenoxvbenzvnaminocarbonvl]cvclobutane-3.4-dicarboxvlic acid mono-

Glyging amide

Anal calcd for C42H45N3O9 • 0.25 H2O: C. 68.14; H, 6.19; N,

5.66. Found: C, 68.28; H, 6.16; N, 5.28.

15 Example 107

n a.2p.3p.4a). 1 2-DifN-propyi-N-M-

phenoxvbenzvl^aminocarbonvl1cvclobutane-3.4-dicarbQxylie add mono-

d.AProlina amide

20 Example 108

ha.2p.3p.4a)-1.2-DirN-proDvl-N-f4-

phenQxybenzyhaminocarbonvl]cvclobutan6-3.4-dicarbQxviic acid mono-

Sarcosine amide

Anal calcd for C43H47N3O9 • 0.25 H2O: C, 68.47; H, 6.35; N,

25 5.57. Found: C, 68.27; H. 6.19; N. 5.39.

Example 109

M a.2p.3p.4otV1 2-DifN-Propvl-N.f4.

ph6noxybenzynaminocarbonvncvclQbutan6-3.4-dicarhoxvliG acid mono-

30 rtAAspartic acid amidQ

Anal calcd for C44H47N3O11 • 0.5 H2O: C, 65.82; H, 6.03; N,

5.23. Found: C. 65.66; H. 6.00; N, 4.94.
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Example 11 OA

ria.2B.3R.4ra^.1 .2-DifN-nrnnvl.M-(A-

phenQxvb9nzvl)aminocarbQnvncvoiohutane.3.4.riirq rboxviin aniri m^^^
Serine amidft

5 Anal calcd for C43H47N3O10 • 0.75 H2O: C, 66.27; H, 6.27; N,

5.39. Found: C. 66.00; H, 6.20; N. 5.13.

Example 11 OB

M a.2B.3p.4«V1 ^^.nifN-propvl.M.f^.

10 PhenQXVben7Vnamin0Carbonvnf;vnlnhtitfln e-3.4-riinarhnxvlic aniri mnr^n.

Serine amida

Anal calcd for C43H47l^l30io • 0.75 H2O: C, 66.27; H. 6.27; N,

5.39. Found: C, 66.25; H. 6.36; N, 5.16.

15 Example 1 1

1

(1a.2B.3p.4rt\-1.2.DifN-nropyl-N).(4.

Ph9nPXVbenZVnaminQCarbonvncvRlobutane.3 /l.dicarhnyylin a^f^ fTj^p^
B-Alanine amirip

Anal calcd for C43H47N3O9: C. 68.88; H, 6.32; N, 5.60. Found:
20 C. 68.49; H, 6.66; N, 5.47.

Example 112

n a.2B.3R.4fxW1 g-DirN-nrnpyl-NI-f^.

phenp?^vben2vl)aminocarbonvncvciobutane.3 4.dicarboxviin aniw p^^^p^.

25 ri-NorleijRlne amide

The title compound was obtained as a single enentlomer. Anal
calcd for C52H64N4O10 • H2O: C. 67.65; H, 7.20; N. 6.07. Found: C,

67.60; H, 7.00; N, 5.93.
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Example 113

Ma.2p.36.4a^-1.2-DirN-proDvl-N>f4-

phenoxvbenzvnaminQcarbonvncvclobutane-3.4-diQarbQxylic acid mono-

ANorleucine amide

5 The title compound was obtained as a single enentiomer. Anal

calcd for C52H64N4O10:

Example 114

f1a.2p.3p.4«^-1.2-DirN-f4-Pvridvhmethyl-N>

10 fphenQxvben2vnamlnocarbonvncvclQbutane-3.4-dicarbQxylic acid

To a slurry of 1.2.3,4-cyclobutanetetracarboxyllc dianhydride (0.3

g, 1.5 mmol) in CH3CN (5 mL) was added N-pyridylmethyl-N-

phenoxybenzylamine (0.93 g, 3.21 mmol). prepared by the procedures

described in Example 1 1, in CH3CN ( 10 ml). The slurry was stirred for 5

15 minutes at 20 resulting in a homogeneous solution. The solution

was stirred 20 hours at 20 ^C, then concentrated in vacuo to a white

foam. The foam was dissolved in 100 mL of ethyl acetate and washed

successively with 50 mL 1 N H3PO4 and 10% NaCI, then dried over

anhydrous sodium sulfate, filtered and solvent removed in vacuo to

20 afford 1 .0 g of a white foamy solid. The crude product containing both

isomers was purified by silica gel chromatography eluting with 94:5:1

CHCIa-MeOH-HOAc. The slower moving product was isolated and

characterized as the title compound. "^H NMR (DMSO-de, 500 MHz) 5

8.51-8.61 (m. 4H). 7.38-6.87 (m, 24H), 4.65-4.76 (m. 2H), 4.52-4.41 (m.

25 2H). 4.39-4.13 (m. 8H), 3.95-4.05 (m, 2H).
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Example 11fi

ri«.2«.3fi.4p^.1.2.DirN.nrnpv|.M.

(DhenoxvbenzvnaminocarbonvncvclQhi]tane.3.4.dinflrboxvlifi aniri

5 Example 11fiA

Ma.2a.3B.4R^-1.2-Di-r2-fijrvl^cvclnhiitane-3.4-dicarhoxvlic aniri

and

(1a.2a.3a.4aV1.2-Di-(2-furvncvclobutanfl.3.4-diftarhnyyiir> fl/>j^

Furan-2.acrylic acid (2 g, 0.014 mol). freshly recrystallized from
10 ethanol/water, was dissolved in 60 mL CH3CN. Benzophenone (0.001

mol) was added and the resulting clear solution was bubbled with

nitrogen for 30 minutes and during irradiation for 7 hours with a high

pressure 450 W Hg lamp. The mixture was cooled to room temperature,

and the solvent was evaporated in vacuo leaving a clear yellow oil. The
15 oil was dissolved In 40 mL ethyl ether and washed twice with 50 mL

portions of saturated sodium bicarbonate solution. The combined
bicarbonate washes were re-acidifled to pH 2 and extracted with two 50
mL portions ethyl acetate. The combined organic extracts were washed
with 50 mL 10% NaCI solution, dried over anhydrous sodium sulfate,

20 filtered and solvent removed /h vacuo leaving 1.5 g yellow oil. The
resulting crude yellow oil was dissolved in CHCI3 and purified by silica

gel chromatography eluting with 1% MeOH in CHCI3. Two products

were isolated and characterized by NMR spectroscopy. The faster

moving product obtained in 30% yield was found to be (1a,2a,3p,4p)-

25 1,2-dl-(2-furyOcyclobutane-3,4-dicarboxylicacld. NMR (CDCI3. 300
MHz) 5 7.35 (m. 1H), 6.38 (m. 1H), 6.17 (m, 1H). 3.82 (m. 1H. J=10 Hz).

3.58 (m. 1H, J=10 Hz). MS (DCI/NH4) m/e 276. The slower moving

product, obtained in 15% yield eluted from the column with 8% MeOH in

CHCI3. This product was characterized as (1a,2a,3a,4a)-1,2-di-(2-

30 furyl)cyclobutane-3,4-dicarboxylic acid. NMR (CDCI3, 300 MHz) 5 7.48
(m, 1H), 7.20 (m. 1H), 5.94 (m. 1H), 4.24 (m, 1H, J=7 Hz), 3.93 (m, 1H.

J=7Hz). MS (DCI/NH4) m/e 276.
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Example 115B

(1ff,g«,3P.4P)-1.2>PirN'PrppyhN-

fphenoxvbenzvnaminQcarbonvncvclobutane-3.4-dicarboxvlic acid

The (1a,2a,3p,4p)-compound resulting from Example 115A (2 g,

5 7.2 mmol) was dissolved in 20 mL of DMF and cooled to 0-5 ""C in an

ice bath. To this solution was added 4.2 g (15 mmol) of N-propyl-N-4-

phenoxybenzylamine hydrochloride in 5 mL DMF, and the salt was

neutralized with 2.1 mL (15 mmol) triethylamine. The mixture was stirred

5 minutes then 3.8 g BOP-CI (15 mmol) was added followed by an

10 additional 2.1 mL of triethylamine. The mixture was stirred 2 hours at 0-

5 "^C then warmed to room temperature and stirred another 20 hours at

room temperature. When the reaction was deemed complete by TLC
analysis, the mixture was diluted with 200 mL ethyl acetate and washed

with 2 x 50 mL 1 N H3PO4. 2 x 50 mL satdurated NaHCOs, and 2 x 50

15 mL 10% NaCL The organic layer was dried over anhydrous Na2S04.

filtered and concentrated in vacuo leaving 2.8 g (54%) of crude product.

The crude product was purified by silica gel chromatography eluting with

3:1 hexane-ethyl acetate yielding (1a,2a,3p.4P)-1,2-di[N-propyl-N-

(phenoxyben2yl)aminocarbonyl]-3.4-di(2-furyl)cyclobutane (1.5 g) as a

20 light yellow oil. "^NMR (CDCia, 300 MHz) 5 7.37-6.86 (m. 18H), 6.29-

6.06 (m, 6H), 4.50-4.61 (m, 4H). 3.81-4.24 (m. 4H), 2.88-3.39 (m , 4H),

1.28-1.73 (m, 4H). 0.71-0,87 (m. 6H). MS (FAB+): 723.

The furan groups were converted to carboxylic acids using the

procedure described by Danishefsky et al., J. Amer. Chem. Soc, HQ
25 (12), 3929 - 3940 (1988). The crude product was purified by silica gel

chromatography eluting with 94:5:1 CHCIa-MeOH-HOAc to give the title

compound (12 mg, 13%). "'H NMR (CDCI3. 500 MHz) 5 0.80-0.95 (m.

6H). 1.25 -1.70 (m, 4H), 3.08-3,40 (m, 4H), 3.50-3.65 (m, 2H), 3.88-4.05

(m, 2H), 4.20-4.27 (dd, 2H). 4.40-4.65 (m, 2H). 6.87-7.39 (m, 18H). MS
30 (FAB+) m/e 679. (FAB") m/e 677.
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Examole 11fi

( 1 a.2a. 3«.4otV 1 g-DirNI-prnpyl.^l-

fDhenoxvbenzvnaminocarbonvUnynlnbutane-a^-dicarhnyylin p r^ir^

The (1a,2a,3a.4a).1 .2-di-(2-furyl)cyclobutane-3,4-dicarboxylic

5 acid prepared In Example 115A was coupled with N-propyl-N-4-

phenoxybenzylamine and the furan groups converted to carboxyllc

acids by the procedures described in Example 1 15B. The crude product
was purified by silica gel chromatography eiuting with 94:5:1 CHCI3-
l^eOH-HOAc to give the title compound (10 mg. 7%). NMR (DMSO-

10 de. 500 MHz) 5 0.67-0.80 (m, 6H), 1 .24-1 .45 (m, 4H). 2.90-2.93 (m. 2H),

3.11-3.14 (m, 2H). 3.50-3.59 (m, 2H), 3.74-3.83 (m, 2H). 4.20-4.26 (m.

'

2H). 4.58-4.63 (m. 2H). 6.84-7.38 (m. 18H). MS (FAB+) m/e 679. (FAB*)
m/e 677.

16 Example 117

f1a.2a.3a.4B^.1
. g-DifNI-prnpY'-N-f^-

PhenQXVbenZVnflminQCarbonvllovclobtJtanfl-a 4-ditiarhnYvlin p^jH

The compound resulting from Example 116 was converted to the
mono-ester by the procedure described in Example 95. Equilibration of

20 the mono-ester was carried out by the procedures described in Example
96A substituting LDA for n-BuLi at -78 °C to afford 8 mg (10%) of the

title compound, ""h NMR (DMSO-de, 500 MHz) 5 0.67-0.80 (m, 6H).

1.24-1.45 (m. 4H).2.90-2.93 (m. 2H). 3.11-3.14 (m, 2H), 3.50-3.59 (m.

2H). 3.83-3.94 (m. 2H). 4.20-t.26 (m. 2H). 4.58-4.63 (m, 2H). 6.84-7.38

25 (m, 1 8H). MS {FAB+) m/e 679. (FAB-) m/e 677.
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Examplg 118

ri nt.2p.3p.4a^-1 .2-DifN>nronyl-M.M>

ben2ovlben2vnaminocarbonvncvclobutanQ-3.4-carbQxylte acid

5 Example 11 8A

N-Propvl>N-(4-benzovlbenzvnamin6

A solution of a-bromo-p-benzoyi toluene (2.75 g, 0.01 mol) in

benzene (100 mL) was added dropwise over 30-40 minutes to a stirred

solution of n-propylamine (10 mU 0.12 mol) in benzene (50 mL) under a

10 nitrogen atmosphere. After stirring for 4-5 hours at ambient temperature,

most of the solvent was removed under reduced pressure. The residue

obtained was triturated with ice-water and ether, and basified with dilute

aqueous sodium hydroxide. The ether layer was separated, and the

aqueous layer was extracted with additional ether. The combined ether

15 extracts were washed with saturated sodium chloride, dried over sodium

sulfate, filtered and concentrated in vacuo to give 2.5 g of a yellow liquid.

The liquid was taken up in ether, filtered from undissolved impurities,

and acidified with HCI in isopropanol. The solid obtained was filtered

and recrystalllzed from methanol-ethyl acetate to give 1.9 g (58%) of the

20 title compound as colorless crystalline flakes, m.p. 193.5-194.5 **C. ""h

NMR (CDCI3. 300 MHz) 5 0.98 (t, 3H), 1.9 (q, 2H), 2.8 (s. 2H), 4.15 (s.

2H), 7.4-7.8 (m. 9H), 10.09 (s. 2H). MS (DCI/NH3) m/e 254 (M+H)+

Example 11 8B

25 n cx.2p.3B.4aV1 .2-DifN-prQpvl-N^f4-

ben2Qvlbenzvnaminocarbonvncvclobutane>3.4-carboyylin arJri

A suspension of the compound resulting from Example 1 18A

(1.45 g, 5 mmol) in acetonitrile (20 mL) containing triethylamlne (0.7 mL)

was added all at once to a stirred suspension of 1,2,3,4-cyclobutane-

30 tetracarboxylic dianhydride in acetonitrile (20 mL) at 0 ''C under

nitrogen. The mixture was stirred, and the temperature was slowly

allowed to rise to ambient temperature. Stirring was continued for 60

hours, and then the clear reaction mixture was poured onto ice-water
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containlng HCI and extracted with ether. The combined ether extracts

were washed with ice-water and saturated aqueous sodium chloride

solution, dried over sodium sulfate, filtered and concentrated under

reduced pressure to give 1.2 g of a mixture of 1.2- and 1,3-isomers as a
5 solid foam. The foam was purified by chromatography on silica gel

eluting with 97:2.5:0.5 chloroform-methanol-acetic acid to give 0.22 g
(13%) of the title compound, m.p. 100-107*0. ""H NMR (DMSO-de,

500 MHz) 8 0.8 (m. 6H). 1.5 (m. 4H). 2.85 (m, 1H). 2.35 (s. 4H), 2.7 (m.

2H). 3.1 (m, 1 H). 3.8 (d. 1 H). 4.0 (d. 1 H). 4.4 (m. 2H). 4.9 (m. 2H), 7.3-7.7

10 (m, 18H). MS (DCI/NH3) m/e 703 (M+H)+.

Example 119

f1a.2p.3p.4«^.1 2-DifN.r>rnDvl-N.U./a 4-

methvl6nQdioxyphenQxy)ben2vnaminocarbonvl]cvclobutane.a4.

15 carboxvlic anid

Example 119A

4-r3.4-Methvlenedioxvphenoxv^hBnzaldehvriP

A solution of 3.4-methylenedioxy phenol (7.0 g, 50.7 mmol) In

20 anhydrous DMSO was added dropwise over 30 minutes to a stirred

suspension of 60% oil dispersion NaH (2.02 g, 50 mmol) in anhydrous

DMSO (40 mL) under nitrogen. Following the addition, a solution of p-

fluorobenzaldehyde (6.2 g. 0.05 mol) in DMSO (10 mL) was added, and
the temperature was slowly raised to 150 "C. The temperature was

25 maintained between 130-160 °C for 1 hour and then allowed to cool to

ambient temperature. After 12 hours at ambient temperature, the

reaction mixture was poured onto crushed ice-water and made barely

acidic with concentrated HCI and extracted with ether. The combined

ether extracts were washed successively with cold dilute aqueous

30 sodium hydroxide solution, cold dilute HCI solution, cold water and

saturated aqueous sodium chloride solution, dried over sodium sulfate,

filtered and evaporated to give a red liquid which solidified. The solid

was triturated with boiling n-pentane, filtered and washed with boiling
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pentane to give 8.2 g (67%) of the title compound, m.p. 67-70 *C. ""H

NMR (CDCI3. 300 MHz) 5 6.0 (s, 2H), 6.6 (m, 2H), 6.8 (d, 1H). 7.04 (m.

2H). 7.84 (m. 2H). 9.92 (s. 1H). MS (DCI/NH3) m/e 243 (M+H)+

5 Example 11 9B

N.ProDvl-N-f4-r3.4-methvlenedioxvDhenoxv^benzvnamine hydrochloride

A mixture of the compound resulting from Example 1 19A (6.0 g,

24 mmol) and 0.6 g of 10% Pd/C and n-propylamine (9.3 mL) In ethanol

(200 mL) was shaken, first for 24 liours at ambient temperature, and

10 then for 48 hours with hydrogen at atmospheric pressure. The reaction

mixture was filtered and the filtrate evaporated. The resulting residue

was taken up in ether, converted to the hydrochloride salt, which was

then decolorized with norlte and recrystaliized from methanol-ethyl

acetate to give 6.2 g (88%) of the title compound as a colorless

15 crystalline solid, m.p. 185-186 °C. ""h NMR (CDCI3. 300 MHz) S 0.95 (t,

3H), 1.86 (q, 2H), 2.75 (t, 2H), 3.98 (s, 2H), 5.98 (s. 2H). 6.45 (q. 1H).

6.52 (d, 1H), 6.75 (d. 1H), 6.95 (m, 1H), 7.26 (s, 1H), 7.5 (d, 2H), 9.85 (s.

2H). MS (DCI/NH3) m/e 286 (M+H)+.

20 Example 119C

M «.2p.3p.4otV1 2-DirN-propvl.N.r4.f3.4.

mathylenedioxvphenoxv^benzvnaminocarbQnvncvclQbutane-3.4-

carboxvlic acid

To a suspension of 1 ,2,3,4-cyciobutanetetracarboxylic

25 dianhydride (0.98 g, 5 mmol) in acetonitrile (10 mL) was added 1.6 mL
(1 1 mmol) of triethylamine at 0-5 °C. After several minutes, a

suspension of the compound resulting from Example 119B (3.23 g, 10

mmol) in acetonitrile (30 mL) and triethylamine (1 .6 mL, 1 1 mmol) was

added to the above stired mixture. The reaction mixture was stin-ed for

30 24 hours at ambient temperature and then poured into cold dilute HCI.

The acidic solution was extracted with ether, and the combined ether

extracts were washed with saturated sodium chloride solution, dried

over sodium sulfate and evaporated. The residue obtained was taken
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up In methylene chloride, filtered and evaporated to give 2.6 g of a
mixture of the 1 ,2- and 1 ,3-lsomers as a solid foam. The foam was
chromatographed on silica gel eluting with 97:2.5:0.5 chloroform-

methanol-acetic acid to give 0.8 g (21%) of the title compound, m.p. 95-

5 110 »C. ""H NMR (DMS0-d6, 500 MHz) 5 0.8 (m. 6H), 1.5 (m, 4H), 2.5

(s, 1H). 2.8 (m. IH), 3.3 (S. 8H), 3.6 (m. 1H). 3.9 (m. 1H), 4.3 (m, 1H), 4.7

(m, IH), 5.6 (s. 4H), 6.5-7.2 (m, 14H). MS (DCi/NHs) m/e 267 (M+H)+.

Example 120

10 na.2B.38.4aV1.2.DirN.mPthx/I.M.M-

Dhenoxvben2vnaminocarhonvlamino)cyolobutane-a 4-diearhnYylin ^^\^

A mixture of 1,2-di[methoxycarbonyl]cyclobutane-3,4-dicarboxylic

acid (400 mg, 1.54 mmol), prepared by the procedure described in

Angew. Chem. International Ed. vol 8: 208 (1969), diphenylphosphoryl

15 azide (DPPA) (936 mg, 3.4 mmol) and triethylamine (344 mg, 3.4 mmol)
In 20 mL of toluene was heated at 80 **C for 3 hours. The mixture was
allowed to cool to ambient temperature, and then the compound
resulting from Example 1 (700 mg, 3.4 mmol) was added. After stimng
at ambient temperature for 16 hours, the mixture was taken up in ethyl

20 acetate and washed with dilute hydrochloric acid, water, saturated

sodium bicarbonate solution and saturated sodium chloride solution,

dried and filtered. The filtrate was evaporated under reduced pressure

to an oily residue which was chromatographed on silica gel eluting with

4:1 ethyl acetate-hexane to give 100 mg (19.2%) of the diester.

25 To the diester (40 mg, 0.058 mmol) dissolved in 30 mL of

methanol was added KOH (33 mg, 0.58 mmol) in 1 mL of water. The
clear solution was stirred at ambient temperature for 3 hours and left

standing overnight. The methanol was removed under reduced

pressure, and the aqueous solution was acidified with sodium hydrogen

30 sulfate. The precipitate formed was filtered, washed with water and
dried to give 27 mg of the title compound, m.p. 192-195 °C (dec). ''H

NMR 5 (DMS0-d6, 300 MHz) 5 2.72 (s. 6H). 4.30-4.50 (dd, 4H), 6.90-

7.40 (m, 18H).
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^xample 1gi

ria.2B.3B.4aV1.2-DifN.N>diben2vlaminocarbonvncyclQbutane-3.4^

dicarboxyliQ acid

5 To a slurry of 1.2,3,4-cyclobutanetetracarboxylic dianhydride (2.7

g, 13.8 mmol) in THF (30 mL) was added N,N-dibenzylamine (5.72 g,

28.9 mmol) in THF (10 mL). The slurry was stirred for 5 minutes at

20 ^C. whereupon, a homogeneous solution resulted. The resulting

solution was stirred for 20 hours at 20 ''C, then concentrated in vacuo to

10 a white foam. The foam was dissolved in 100 mL of ethyl acetate and

washed successively with 50 mL IN H3PO4 and 10% NaCI, then dried

over anhydrous sodium sulfate, filtered and concentrated in vacuo to

afford 4.4 g of a white foamy solid. The crude product (2.1 g) containing

both isomers was purified by silica gel chromatography eluting with

15 94:5:1 CHCIs-MeOH-HOAc. The slower moving product was isolated in

22% yield and characterized as the title compound. NMR 5 (CDCI3,

500 MHz) 5 3.98-4.00 (d, 2H). 4.22-4.31 (m. 6H), 4.46-4.49 (d. 2H), 4.73-

4.76 (d, 2H), 7.11-7.31 (m, 20H). MS (FAB) m/e 591 (M+H)+.

20 Example 122

na.2B.3B.4aV1.2-DirN-ben2yl>N-r4-

chlorobenzvnaminocarbonvncvclobutane-3.4-dicarbQxylic anid

Example 122A

25 N-Ben2yl-N-f4-chlorQb6nzynamine Hydrochloride

To 4-chlorobenza!dehyde (1.5 g, 10.7 mmol) dissolved in 40 mL
CH2CI2 was added benzylamine (1.1 5g. 10.7 mmol) followed by 1 mL of

6 N HCI. The resulting cloudy solution was stirred overnight at room

temperature and then concentrated in vacuo to give a white solid. The

30 solid was immediately dissolved in 50 mL of MeOH and the pH of the

solution was adjusted to 6 with glacial acetic acid. To this solution was

added NaCNBHs (0.67 g, 10.7 mol). and the resulting clear solution was

stirred three hours at room temperature. The mixture was acidified to pH
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2 With 6M HCI whereupon a thick white slurry developed. The solid was
stirred for 30 minutes and filtered, yielding the title compound as a white

solid. ""H NMR 5 (DMSO-de. 300 MHz) 5 4.1-4.2 (broad multlplet, 4H),

7.4-7.6 (m. 9H). MS (DCI/NH3) m/e 232 {M+H)+.

5

Example 122B

f1a.2p.3p.4a>-1.2-DifN.ben7yl-NI.(4.

chloroben2vnaminocarbonvncvclobutane-3.4-diRarhoxvlic acid

To a slurry of 1,2.3,4-cyclobutanetetracarboxylic dianhydride (0.5

10 g, 2.5 mmol) in DMF (6 mL) was added the compound resulting from

Example 122A (1.36 g, 5.1 mmol) in DMF (3 mL) containing EtsN (0.71

mL, 5.1 mmol). The slurry was stirred for 5 minutes at 20 "C,

whereupon, a homogeneous solution resulted. The resulting solution

was stirred 20 hours at 20 °C. The solution was diluted with 100 mL of

15 ethyl acetate and washed successively with 50 mL 1 jsl H3PO4 and 10%
NaCI, then dried over anhydrous sodium sulfate, filtered and

concentrated in vacuo to afford 1 .1 g of a white foamy solid. The crude

product containing both isomers was purified by silica gel

chromatography eluting with 94:5:1 CHCIa-MeOH-HOAc. The slower

20 moving product was isolated in 21% yield and characterized as the title

compound. ""H NMR 5 (DMSO-de, 300 MHz) 5 3.68-3.71 (m, 2H), 3.92-

4.06 (m. 4H), 4.13-4.21 (m, 2H), 4.65-4.72 (m, 2H). 4.82-4.92 (m, 2H),

7.14-7.42 (m, 18H) . 12.55 (bs. 2H). MS (FAB) m/e 659 (M+H)+.
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ExamplQ 123

Alternate Preparation of

(1ff,gp.3g,4ftM,2-DirN-prPPyl-N-(4'

phenQxybenzynaminocarbonvncvclobutane-3.4-dicarbQxylic acid

Example 123A
f1a.2p.3p.4a^>1.2-Di(ben2vloxvcarbonvncvclobutane-3.4-dicarbQxylic

acid

T o a solution of 1,2,3,4-cyclobutanetetracarboxylic anhydride (21

g, 107.1 mmol) in acetonitrile (530 mL) at -7.5 was added benzyl

alcohol (70 mU 680 mmol) all at once. Triethylamlne (30 mL, 210 mmol)

was added dropwise over 3-5 minutes and the temperature rose to

2.8 ^*0. Dimethylaminopyridine (1.3 g. 10.6 mmol) was added and the

temperature returned to -5 °C. The reaction mixture was stirred for 18

hours at which time the internal temperature was 9.2 °C and then

concentrated in vacuo. The residue was dissolved in ethyl acetate (1 L)

and washed with 2 M HCI (2 x 375 mL). The product was then extracted

into saturated NaHCOs solution (2 x 375 mL). The aqueous solution

was allowed to stand at ambient temperature and then was cooled in a

refrigerator overnight. The solid was collected and washed with cold

saturated NaHCOa solution (200 mL) and then was dissolved in water

(500 mL), acidified with 2 M HCI (375 mL) and extracted into ethyl

acetate (2 x 375 mL). The combined organic extracts were washed with

brine, dried over sodium sulfate and concentrated in vacuo to afford the

title compound (25.65 g. 58%) as a white solid, m.p. 164.5-165.5 °C.
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Examole 123R

Benzvl f1(X.2R.3R.4M-1 P.nifN.nrnpyl-M.f4.

Phenoxvbenzvnanninocarbonvncyclobutanp-3 4.d^carbnyy^f^tft
To the compound resulting from Example 123A (66 mg, 0.15

6 mmol) slurried in methylene chloride (0.5 mL) was added oxalyl chloride

(28 hL, 0.32 mmol) followed by 1 drop DMF. To this solution was added
N-propyl-N-(4-phenoxyben2yl)amine (81 mg. 0.34 mmol) and Hunig's

base (115 ^iL, 0.66 mmol) in methylene chloride (0.2 mL). The reaction

mixture was stirred at ambient temperature for 1 hour and then diluted

10 with ethyl acetate. The solution was washed 3 times with 1 M H3PO4,

3

times with saturated NaHCOa solution and brine, dried over sodium
sulfate and concentrated under reduced pressure. The residue

obtained was dissolved in methylene chloride and applied to the top of a
silica gel plug which was eluted with 7:3 hexane-ethyl acetate to give

15 the title compound (114 mg, 88%) as an oil.

Example 123^

na.2B.3p.4«U1 P.nirN-propyl-M.(4.

PhgnoxvbenzvnaminocarbonvnevclQbtJtanft.3.4-dicarhnyY"^
f**^!^

The compound resulting from Example 123B (100 mg, 0.12
mmol) was dissolved in 1.5 mL 1:1 methanol-ethyl acetate, treated with

9 mg of 10% Pd/C and then hydrogenolyzed under a H2 balloon for 1.5

hours. The catalyst was removed by filtration through Celite and the

filtrate concentrated in vacuo to afford the title compound, ''l-l NMR
25 (DMS0-d6. 300 MHz) 5 0.80 (m, 6H), 1.46 (m. 4H), 2.70-3.00 (m, 4H).

3.60 (m. 2H). 3.92 (m. 2H), 4.27 (m. 2H), 4.70 (dd. 2H), 6.87-7.43 (m,

18H). MS (FAB) m/e 679 (M+H)+, 701 (M+Na)+.
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Example 124

Ma.2B>3B.4a^1.2>Diff4>phenoxvben2vhcarbQnvlamtnQ)cvclQbntanft-a4.

tiicqrbpxylig acid

5 Example 124A

Methvl 1 2-diaminocvclQbutan6>3.4-dicarbQyylarft

A mixture of 1,2-di[methoxycarbonyl]cyclobutane-3,4-dicarboxylio

acid (500 mg, 1.92 mmol), prepared by the procedure described in

Angew. Chem. International Ed. vol 8: 208 (1969), in 20 mL of toluene

10 was treated with 407 mg (4.03 mmol) of triethylamine and 1.1 1g (4.03

mmol) of diphenylphosphoryl azide. The mixture was warmed to 80

under a nitrogen atmosphere for 3 hours. Volatiles were removed under

reduced pressure to afford a viscous oil. The oil was dissolved in 20 mL
of 2-methyl-2-propanol and stirred for 18 hours. Volatiles were removed

15 under reduced pressure to afford an oil. Purification by flash column

chromatography on silica gel eluting with 2:1 hexane-ethyl acetate

afforded methyl 1,2-di(Boc-amino)cyclobutane-3,4-dicarboxylateas a

white powder (123 mg, 16%. "Ih NMR (CDCI3) 5 1.43 (s, 18H), 3.45-

3.52 (m, 1H), 3.75 (s, 6H), 4.52-4.63 (m. 1H). 5.55-5.65 (m. 1H).

20 A solution of 70 mg (0.17 mmol) of protected diamine prepared

above in 3 mL of trifluoroacetic acid was stirred for 3 hours. A 50 mL
portion of ethyl ether was added, causing the product to precipitate as a

white solid. The solid was collected by filtration and dried, affording 56

mg of the title compound which was used without further purification.

25

Example 124B

Methvl f1a.2p.3p.4a^-1.2.Di[(4-

phenoxvbenzvncarbonvlamino1cvclQbutan6>3.4-dicarbQxylate

A mixture of the corripound resulting from Example 124A (56 mg.

30 0.13 mmol), 4-phenoxyphenylacetic acid (61 mg, 0.27 mmol), 1-(3-

dimethylaminopropyl)"3-ethylcarbodiimide • HCI (54 mg. 0.28 mmol), 1-

hydroxybenzotriazole hydrate (38 mg, 0.28 mmol), and 59 mg (0.59

mmol) of triethylamine in 5 mL of dry tetrahydrofuran was stirred under
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an atmosphere of nitrogen for 3 days. A 50 mL portion of water was
added, and the mixture was extracted with three 50 mL portions of ethyl

acetate. The combined extracts were dried (MgS04), and all voiatiles

were removed under reduced pressure to afford an oil. Purification of

5 the oil by flash column chromatography on silica gel eluting with 2:1

hexane-ethyl acetate afforded 60 mg (75%) of the title compound as a
clear colorless oil that solidified on standing. MS (FAB) m/e 623
(M+H)+

10 Example IPiin

(1«.2B.3B.4«)-1.2-D{rM-Dhenoxvben?vnnarh(^nvlaminn]ryp|Qhntflne-a
,
4.

dicarboxvlin aniri

A mixture of 60 mg (0.097 mmo!) of the compound resulting from
Example 124B in 3 mL of methanol was treated with 0.5 mL of a 50%

15 aqueous solution of sodium hydroxide. After 3 hours the mixture was
treated with concentrated HCI until the mixture was acidic. All voiatiles

were removed under reduced pressure to afford a solid. The solid was
washed with water and dried, affording 25 mg (42%) of the title

compound as a white powder. MS (FAB) m/e 695 (M+H)"*".

20

Example Igfi

f1a.2fi.3p.4nc^-1.2-DiffN-nmpyl.M-(4.

PhenoxvbenzvncarbQnvlamino1nvn|obutane-.q 4-dicarhnyvlir a«->jH

The compound resulting from Example 124A is reacted with

25 proplonyl chloride In the presence of triethylamine to give methyl 1,2-

di(proplonylamino)cyclobutane-3,4-dicarboxylate. Reduction of the
diamide with borane-tetrahydrofuran complex at 0" C affords methyl 1,2-

di(n-propylamino)cyclobutane-3,4-dicarboxylate. Treatment of this

secondary amine with the acid chloride of 4-phenoxyphenylacetic acid

30 In the presence of triethylamine yields methyll ,2-di[(N-propyl-N-(4-

phenoxybenzyl)carbonylamino]cyclobutane-3,4-dicarboxylate.

Hydrolysis of the methyl esters with aqueous sodium hydroxide affords

the title compound.
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Example 126

Ma.2B.3B.4a)-1.2-Pi-rN-proDVl-N-f4-phenoxvbenzvl)aminocarbonyll-

3.4-bisrtetra20lvlmethvncvclQbutane

5

Example 126A

(1tt.2p.3p.4oeV1.2-Di-rbenzylQxycarbQnyt)-3.4-

bisfhydroxymethvhcvclobutane

To the compound resulting from Example 123A (2.06 g, 5 mmol)

10 dissolved in THF (3 mL) at -1 0X was added BH3 (1 .0M in THF, 1 1 mL,

1 1 mmol) at such a rate so as to maintain the internal temperature below

0 °C. The mixture was then stirred for 5 hours during which time the

bath melted. The colorless solution was quenched by the careful

addition of 1:1 acetic acid-water (0.3 mL) and poured into 50 mL of

15 saturated NaHCOs and extracted with 2 x 75 mL portions of ethyl

acetate. The combined organic phases were extracted with water (50

mL) and brine (50 mL), dried over MgS04, filtered and concentrated.

The residue was purified by column chromatography on SIO2 (120 g)

using ethyl acetate as the eliient to give 1.42 g (74%) as a white solid.

20 1H NMR (300 MHz, CDCI3) 8 7.24-7.48 (m, 12H), 5.1 6 (m, 4H), 3.72 (m.

4H), 3.61 (m. 2H), 2.67 (m. 2H), 2.19 (t, 2H). MS (DCI) m/e 402 (4%);

294 (6%); 203 (52%); 186 (100%); 143 (22%); 126 (50%).

Example 126B

25 M«.2p.3p.4a)-1.2-Di-fbenzvloxvcarbonvn-3.4-

bisfmethanesulfonvlQxymethvncvciobiJtanR

To a solution of the compound resulting from Example 126A (577

mg, 1.5 mmol) In 10 mL of CH2CI2 at -10 *'C was added triethylamine

(0.63 mL. 4.5 mmol). followed by the dropwise addition of

30 methanesulfonyl chloride (0.29 mL, 3.75 mmol). The solution was

wanned to 0 °C and stirred for 1 .5 hours. The mixture was diluted with

40 mL of CH2CI2 and washed with 25 mL each water and dilute

aqueous HCI. The organic fraction was dried over MgS04, filtered and
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concentrated to give 767 mg (95%) of the desired compound as an off

white solid. This material was used without further purification. ""H NMR
(300 MHz, CDCI3) 5 7.38 (s, 12H), 5.15 (AB quartet, 4H). 4.32 (m, 4H).

3.77 (d, 2H), 2.95 (m, 2H), 2.88 (s. 6H). MS (DCI) m/e 558 (28%); 372
5 (35%); 204 (40%); 186 (100%).

Example 126C

f1a.2B.3B.4a).1 2-Di-fbenzvlQxvcarhnnyn-a a.

bisrcvanomethvl^GVftlnhiitanp

10 A mixture of the compound resulting from Example 126B (270 mg,
0.5 mmol) and KCN (195 mg, 3 mmol) in 5 mL of DMSO was heated with

stirring at 65 °C for 3 hours. The mixture was cooled to room
temperature and partitioned between 50 mL of water and 2 x 50 mL of

ethyl acetate. The combined organic fractions were washed with 2 x 25
15 mL of water and 25 mL of brine, dried over MgS04, filtered and

concentrated. The residue was purified by column chromatography on
Si02 (20 g) eluting with 1:1 ethyl acetate-hexanes to give 182 mg (76%)
of the title compound as a thick oil. iH NMR (300 MHz, CDCI3) 8 7.26-

7.42 (m, 12H), 5.17 (s, 4H), 3.18 (m, 2H), 2.57-2.78 (m. 6H). MS (DCI)

20 m/e 420 (100%); 393 (10%); 344 (8%); 286 (22%); 221 (25%); 219
(100%); 125 (23%).

Example 12fiD

n«.2B.3B.4a)-1.2-DifN-proPvl-N-M-nhfinnxvbenzvllaminncarbQnyi)-.q^.

25 bisrcvanomethvi^cvclohiitanfl

A solution of the compound resulting from Example 126C (175

mg, 0.43 mmol) in 3 mL of 10% CH2Cl2-ethyl acetate was treated with

100 mg of 10% Pd/C and stirred under a balloon of H2 for 3 hours. The
black mixture was filtered through celite, the celite pad was washed well

30 with methanol and the resulting filtrate was concentrated. The residue

was suspended in CH2CI2 (4 mL) and treated with oxalyl chloride (0.092

mL, 1.05 mmol) and 1 drop of DMF. The mixture was stirred for 1 hour

and then treated with 2 mL of acetonitrile (to try to dissolve the unreacted
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acid). After stirring for 1 hour more, the mixture was concentrated. The

residue was concentrated twice with 2 mL of toluene (to remove HCI and

unreacted oxalyl chloride) and then dissolved in 2 mL of CH2CI2. In a

separate flasi< was added the amine from Example 3 (302 mg, 1.26

5 mmol). CH2CI2 (5 mL) and saturated aqueous NaHCOa (5 mL). This

mixture was cooled to 0 ""C and then treated with the acid chloride

solution dropwise. The mixture was stirred for 1 hour and then poured

into a separatory funnel. The layers were separated and the organic

phase was washed with dilute aqueous HCI, dried over MgS04, filtered

10 and concentrated. The residue was purified by column chromatography

on Si02 (30 g) eluting with 1:1 ethyl acetate-hexanes to give 149 mg
(53%) of the title compound as a colorless oil. "^H NMR (300 MHz,

CDCIa) 5 6.87-7.40 (m, 18H), 4.18-4.75 (m, 4H), 2.11-3.63 (m, 10H),

2.38 (m, 2H). 1.42-1.62 (m, 4H). 0.78-0.97 (m. 6H). MS (DC!) m/e 686

15 (8%); 669 (4%); 240 (1 00%).

Example 126E

na.2p.3p.4aV1.2-Di>rN-DroDvl-N-f4-Dhenoxvben2vnaminocarbonyl]>

3.4-bis(tetra2olvlmethyl)cyclobutan6

20 To a solution of the above dinitrile (136 mg, 0.20 mmol) in 2 mL of

DMF was added NaNa (198 mg, 3.04 mmol) and triethylamine

hydrochloride (418 mg, 304 mmol). The mixture was then heated to

100-1 10 ''C for 20 hours and cooled to room temperature. The yellow

mixture was partitioned between dilute aqueous HCI (25 mL) and ethyl

25 acetate (3 x 20 mL). The combined organic fractions were washed with

water (3x10 mL) and brine (10 mL), dried over MgS04, filtered and

concentrated. The resulting off white solid was recrystallized from ethyl

acetate to give 1 1 1 mg (in two crops) of the title compound as a white

solid. 1H NMR (300 MHz. CDCI3) 5 6.83-7.34 (m. 18H). 4.30-4.77 (m,

30 4H). 2.79-3.76 (m, 12H). 1.34-1.63 (m, 4H). 0.75-0.90 (m. 6H). MS
(FAB+) m/e 755 (75%); 240 (18%); 183 (100%). Anal calcd for

C42H46N10O4: C, 66.83; H, 6.14; N. 18.55, Found: C. 66.54; H. 6.05; N.

18.94.
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Examole 1P7

f1a.2p.3p.4re).1.2-Di.fNI-proDv|.N-M-

PhenQxvbenzvl)aminocarbonvlmethvn.n\/nlobutanft-.q
,
4.dicarhnyyij^

6 acid

Example 127A
f1 a.2S.3B.4«)-1 2-Di-rben2vloxvcarbonvi>ftyclobutanfl.a ^.diaefttift flrjyj

To (1a,2p,3p,4a)-1 ,2-DI-Ibenzyloxycarbonyl]-3,4-

10 bis(dia2oacetyl)cyclobutane (50 mg, 0.109 mmol). the compound
resulting from Example 128A, in THF (2 mL) and water (1 mL) was
added silver benzoate in triethylamine (35 of a 50 mg/1 mL solution).

After stirring at room temperature for 2 liours, the reaction mixture was
poured into a saturated sodium bicarbonate solution. The mixture was

15 washed two time with ethyl acetate, acidified with 2 M HCI, and extracted

Into ethyl acetate. The combined organic extracts were washed with

brine, dried over sodium sulfate and concentrated in vacuo to afford 28
mg (58%) of the title compound as an off white powder.

20 Example 1P7R

na.2B.3B.4(YVl .2-Di-rN.nrr>pvUN.(4.

phenoxvben2vl^aminocarhonvlmRthvl]-cvciQbiJtanP-3.4-dicarhftYyli<7.

acid dibenryl Pfifgr

To the compound resulting from Example 127A (45 mg, 0.^02

25 mmol) In methylene chloride (1 mL) was added oxalyl chloride (19 ^iL,

0.23 mmol) and DMF (0.5 \lL). After stirring at room temperature

appfoximately 3 hours, the reaction mixture was cooled to 0 "C and
treated with N-propyl-N-(4-phenoxybenzyl)amine hydrochloride (51 mg,
0.229 mmol) and 1 mL of saturated sodium bicarbonate solution. The

30 cooling bath was removed, and the reaction mixture was stirred 14

hours at room temperature and diluted with methylene chloride. The
solution was washed with saturated sodium bicarbonate solution, dried

over sodium sulfate and concentrated in vacuo to afford 85 mg of crude
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material. Purification by chromatography on silica gel eluting with 30%
ethyl acetate in hexane afforded 72.5 mg (80%) of the title compound as

a colorless oil.

5 Example 127C

ria.2B.3B.4a^-1.2-Di-rN-DroDvl-N>f4-

PhenQxvbenzvnaminocarbonvlmethvn-cvclobutane-3.4-dinarhnYy|jff

a£i£t

The compound resulting from Example 127B (69.4 mg, 0.078

10 mmo!) and 10% palladium on carbon (70 mg) in 1:1 methanol-ethyl

acetate (2 mL) were stirred under hydrogen for 2 hours. The catalyst

was removed by filtration and the filtrate concentrated in vacuo to afford

the title compound (51.6 mg, 93%) as a slightly gray powder. "^H NMR
(CDCI3. 300 MHz) S 6.87-7.40 (m, 18H), 4.39-4.68 (m. 3H), 3.89 (m. 2H),

15 3.07-3.52 (m, 3H), 2.20-2.90 (m, 5H). 1.55 (m. 6H). 1.27 (m. 1H). 0.88 (m.

6H).

Example 128

ria.2B.3B.4aV1.2-DlfN-b6nzyUN-fU-

20 Dhenoxv)benzvl1aminocarbonvncvclQbutane>3.4-diacetif^ ar^iri

Example 128A

(1a.2B.3B.4a)-1.2-Difben2v!oxvcarhnnylW-^4-

bisfdiazoacetvncvclQbutanP

25 The compound resulting from Example 123A was converted to

the bis(acld chloride) by the method described in the first sentence of

Example 123B. A solution of the bis(acid chloride) (25.6 g, 62.0 mmol)

In CH2CI2 (250 mL) at 0 was treated with -850 mL of an ether

solution of diazomethane, prepared by adding 1-methyl-3-nitro-1-

30 nitrosoguanidine (63.0 g, 428 mmol) to ether (1 L) over 40% aqueous

KOH (220 mL). previously cooled to 5 ''C. The resultant slurry was

periodically shaken while maintaining the temperature at 5 for 30

minutes, then nitrogen was vigorously bubbled through the slurry for 40
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minutes. The solids were filtered and recrystallized from EtOAc/hexane,
to give the title compound as a light yellow solid (13.0 g). The mother
liquor from this recrystallization was combined with the initial filtrate,

concentrated under reduced pressure, and the residue was purified by
5 chromatography eluting with 6:4 hexane-EtOAc to give an additional 4.2

g, for a total of 17. 2 g (60%). lH NIVIR (CDCI3) 5 7.35 (m, 10H). 5.18 (s,

2H), 5.12 (dd, 4H), 3.86 (d. 2H). 3.70 (br d. 2H). MS (FAB+) m/e 461
(M+H)+.

10 Examplfi 19RR

Alternativft Preoaratinn nf

f1a.2p.3p4fY)-1 9-Dirhfin7vlnxvcarhnnvl).a4.

bisfdiazoanetvncvRlohntanP

The bis(acid chloride) described in Example 128A in CH3CN (0.4

15 M) was added to a 0 "C 1 :2 mixture of trimethylsilyldiazomethane (2 M in

hexane) In CH3CN, (4.4 moles TMSCHN2 per mole bis(acid chloride)).

The reaction was stirred at 0-17 °C over 4 hours then concentrated. The
residue was partitioned between saturated aqueous NaHCOs and
EtOAc, and the EtOAc layer was washed with brine and dried over

20 Na2S04, and concentrated in vacuo. The crude solids were
recrystallized by dissolving in hot EtOAc (80-100 mg/mL). then adding
five volumes of hexane to the hot solution and allowing the mixture to

cool at room temperature overnight.

^ Example Igflr;

(1«.2B.3».4ff)-1.P-Difbenzvloxvcarhonvl)ryr|nbutanfi-.?
,
4.^iacetic aniri

dimethyl ester

Using the compound resulting from Example 128A or B, the title

compound was prepared by the method of Example 103A. iH NMR
30 (CDCia) 57.35 (m. 10H). 5.10 (dd. 4H), 3.70 (br d. 2H). 3.55 (s. 6H), 2.92

(m, 2H), 2.49 (m. 4H). MS (DCI/NH3) m/e 469 (M+H)+, 486
(M+H+NH3)+.
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Example 128D

Ma.2B.3B.4aVl .2-Di(carboxv)cvclobutane.3.4.diacetiG acid dimathyl

ester

Using the compound resulting from Example 128C, the title

5 compound was prepared by the method of Example 123C. '*H NMR
(CD3OD) 6 3.65 (s. 6H). 3.51 (m, 2H). 2.82 (m. 2H). 2.57 (m, 4H). MS
(FAB+)m/e289(M+H)+

Example 129E

10 Ma.2p.3p.4a^.1 .2-DifN-b6nzy|.N-[(4.

Dhenoxv^benzvnaminocarbonvncvclobutane-3.4-diacetic acid dimethyl

estgr

Using the compound resulting from Example 128D and the amine

described in Example 12. the title compound was prepared by the

15 method of Example 123B. ""H NMR (CDCI3) 5 7-40-6.90 (envelope,

28H). 5.14 (dd, 2H), 4.65 (m, 2H). 4.32 (m. 2H). 4.13 (dd. 2H), 3.80 (m.

2H) 3.56-3.51 (4 s, total 6H), 2.75-2.40 (envelope. 6H). MS (DCI/NH3)

m/e 831 (M+H)+.

20 Example 128F

M ot.2p.3p.4aV1 .g-DifN-benzyUN-fU-

phenoxy^ben2vnaminocarbonvncvclobutane-3.4-diacetic acid

Using the compound resulting from Example 128E, the title

compound was prepared by the method of Example 103B. NMR
25 (DMSO-de) 5 7.42-7.10 (envelop. 20H), 6.95 (m. 6H). 6.90 (d, 2H), 4.80,

4.70 (d. dd, total 4H), 4.20 (m. 2H). 4.05 (m, 4H). 2.67 (br m, 2H), 2.40 (br

m, 4H). MS (FAB+) m/e 803 (M+H)+ and 801 (FAB-) (M-H)". Anal cald

for C50H46N2O8 • 0.5 H2O: C, 73.97; H, 5.83; N. 3.45. Found: C. 73.66;

H, 5.75; N, 3.20.
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Example 129

M-n tt.2p.3p.4a\-1 .g-DirN-cycloprQDvlmethvl.NI-r^.

DhenQxvbenzvnaminocarbQnvncvclQhiJtane-3.4-diftarhnYyiir7 ^^j^

6 Example 129A

M-M«.2B.3B.4aM.2-Di[benzvloxvcarbonvl]cyclobutane.3.4-dicarbQxyliR

acid

To the compound resulting from Example 123A (1.0 g, 2.4 mmol)

dissoved in absolute EtOH (45 mL) was added a solution of

10 (-)-norephedrine (0.74 g. 4.9 mmol) In absolute EtOH (5 mL). The
solution allowed to sit at room temperature overnight. The resultant

crystals were collected and recrystallized twice from hot absolute EtOH
(4.5 mg/mL), then partitioned between 1 M H3PO4 and EtaO. The Et20

layer was washed with brine, dried over Na2S04, filtered and

15 concentrated to give the title compound. [a]D = +17.3° (c = 0.92, MeOH).

Example 129B

M-f1a.2B.3B.4a)-1.2-DirN-cvcloDronvlmBthyUNl-(4.

Dhenoxvbenzvnaminocarbonvncvclobtitanft.3.4-dinarhr>yyiir^ ani^

20 The compound resulting from Example 129A and the amine

resulting from Example 47A were reacted by the methods of Examples

123B and 123C to give the title compound which was obtained by

lyophilization. ^H NMR (DMSO-de). 5 0.01-1.25 (m. 4H), 0.27-0.52 (m,

4H), 0.80-0.96 (m, 2H). 2.68-2.92 (m. 2H). 3.20-3.55 (m. 2H), 3.56-3.68

25 (m, 2H). 3.89-4.98 (m, 1H), 4.00-4.10 (m. 1H). 4.28-4.58 (m, 2H), 4.65-

4.89 (m, 2H), 6.85-7.04 (m. 8H), 7.08-7.30 (m, 6H). 7.33-7.43 (m, 4H).

MS (FAB-) m/e 701 (M-H)-. Anal calcd for C42H42N2O8 • 0.5 H2O: C,

70.87; H, 6.09; N, 3.94. Found: C. 70.68; H. 5.91; N, 3.85. [ajp = -80.6°

(c=0.625, MeOH).

30
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Example 130

M a.2B.3B.4al-1 2-DirN-proDvl-N-r4.

phenoxyben2ynaminothiocarbonvl|cvclobutan6-3.4-dicarbQxvlic aeid

5 Example 130A

(1 a.2p.3p.4«V1 2.DifN.prQDvl.N.f4.

phenox\/ben2ynaminQthiQcarbQnvncvclQbutane-3.4-dicarboxylic acid

dibenzyl sster

A solution of the compound resulting from Example 123B (500

10 mg. 0.6 mmol) In benzene (4 mL) was treated with Lawesson's reagent

(235 mg, 0.6 mmol). The resulting suspension was refluxed for 96

hours. The solvent was evaporated, and the residue was dissolved in

ethyl acetate (20 mL), washed with 1 M Na3P04 (20 mL), and dried over

MgS04. The solvent was evaporated, and the residue was dissolved in

15 methylene chloride, treated with silica gel, and concentrated to dryness.

The silica gel was poured onto a prepacked column and eluted with

10% ethyl acetate/hexane to provide 205 mg (39%) of the title

compound as a colorless oil. NMR (CDCI3. 300 MHz) S 0.65-0.9 (m.

6H), 1.4-1.6 (m, 1H), 1.65-1.75 (m, 1H), 3.39-3.52 (m. 2H), 3.53-3.8 (m,

20 2H), 3.84-3.90 (m, 2H) 4.5 (dd, J=16.5, 4.5Hz, 1H), 4.78-4.99 (m. 2H).

5.0-5.3 (m, 9H). 6.85-7.14 (m. 10H). 7.15-7.4 (m, 18H). MS (DC!) m/e

891 (M+H)+.

Example 130B

25 (1 a.2p.3p.4aW1 2-DifN-propyl-N-(4-

phenQxyb6n2ynaminothlocarbonvncyclobutane-3.4-dicarboxylic acid

The compound resulting from Example 129A (71 mg, 0.08 mmol)

in 3:1 THF/H2O (2 mL) at 0 "C was treated with 1 M LiOH (800 jiL). The

solution was stirred at 0 "C for 8 hours then at room temperature for 18

30 hours. The solution was acidified with 1 N HCI (1 mL) and concentrated

to dryness. The residue was chromatographed eluting with 98:1:1

CHCIa-MeOH-HOAc to provide 10 mg (18%) of the title compound as a



wo 95/12572 PCT/US94/12132

-178-

colorless oil which was dissolved in CH3CN and H2O and lyophilized to

provide a white solid, m.p. 92-93 °C. MS (DC!) m/e 710 (M+H)+

Example 131

5 Ma.2B.36.4aVDirN-fS)-a-(cvclopropvlmethvnbenzyl-N>(4>

phenoxvben2vn-aminocarbonvl1cvclQbutane-3.4-dicarbQxvlic add

Example 131

A

(4S.5R)-3-f2-Phenvnacetv[-4-methvl-5-phenvM.3-Qya7olidin-2.Qne

10 A mechanically stirred solution of phenylacetic acid at -78 is

treated with one part pivaloyi chloride then one part triethylamine. The

mixture is stirred at -78 ''C for 15 minutes, at 0 °C for 45 minutes, then

recooled to -78 °C. In a separate flask, one part 2.5M nBuLi is added to

a solution of (4S.5R)-(-)-4-methyl-5-phenyl-2- oxazolidinone in THF at

15 -78 ^'C. The solution is stirred for 15 minutes then transferred to the flask

containing pivalic anhydride via cannula. The mixture is stirred for 15

minutes at -78 "^C and 9 hours at room temperature. The mixture is

quenched with 2M KHSO4 and. after evaporation of the THF, is

extracted 3 times with ethyl acetate. The combined ethyl acetate

20 extracts are dried over MgS04, filtered and concentrated to provide the

crude title compound which is purified by column chromatography

eluting with ethyl acetate-hexane.

Example 131B

25 (4S.5R.2'S)-3-f2-Propenvl-2-PhenvnacetvU4-methy!.fi-phQnyl-1.3-

oxa2Qlidin-2-Qne

A solution of one equivalent of the compound resulting from

Example 131A in THF at -78 ''C is transferred via cannula to a solution of

one equivalent 1 M sodium bis(trimethylsilyl)amide in THF at -78 ^C.

30 The cold enolate solution is stirred for 15 minutes at -78 °C then treated

via cannula with 2 parts allyl iodide in THF at -78 The solution is

stirred for 6 hours at -78 then warmed to 0 °C and quenched with

saturated ammonium chloride. The THF is removed, and the water layer



wo 95/12572 PCTAJS94/12132

-179-

is extracted 2 times with ethyl acetate. The combined washings are

dried over MgS04, filtered and concentrated to provide the crude title

compound which is purified by column chromatography eluting with

ethyl acetate-hexane.

5

Example 131C

r4S.5R.2'S^-3-r2-fCvcloDroDvlmethvh-2>DhenvnacetvM-methvl-5.

phenvM .3-oxazolidin>2>QnQ

One equivalent of the compound resulting from Example 131B in

10 CH2CI2 at -23 is treated with 5 equivalents of 1 M diethyl zinc and 10

equivalents of diiodomethane. The solution is stirred at -23 °C to 0 **C

over 12 hours, quenched with saturated NH4CI, and extracted with

ether. The organic layer is washed with 10% NaHCOa and brine, dried

over MgS04, filtered, concentrated and chromatogtaphed eluting with

15 ethyl acetate-hexane to provide the title compound.

Example 131D

(SVa-fCvcloDroDvimethvnDhQnvlacetic acid

To a solution of one equivalent of the compound resulting from

20 Example 131C in 3:1 THF-H2O at 0 is added 8 equivalents of 30%
H2O2 in H2O followed by 2 equivalents of 1 M LiOH. After stirring 2

hours at 0 theTHF is removed, and the aqueous solution is extracted

3 times with CH2CI2. The aqueous solution is acidified to pH 1 with 1 N
HCI and extracted three times with ethyl acetate. The combined organic

25 extracts are dried over MgS04, filtered and concentrated to provide the

title compound.

Exqmpig 131^

N>t-Butvloxvcarbonvl-(S)-a-(cvcloDroDvlmethvnbQnzylamine

30 A solution of one equivalent of the compound resulting from

Example 131 D in toluene is treated with one equivalent of

diphenylphosphoryl azide and warmed at 70 ''C for 2 hours. The

toluene is removed, and the residue is treated with 50 equivalents of 2-
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methyl-2-propanol and refluxed for 24 hours. The solvent is removed,

and the residue is dissloved in ethyl acetate and washed with brine.

The organic layer is dried over MgS04, filtered, concentrated, and

chromatographed eluting with ethyl acetate-hexane to provide the title

5 compound.

Example 131F

fSVN>a-fCvclopropvlmethyl^benzvlamine

One equivalent of the compound resulting from Example 131 E in

10 CH2CI2 at 0 ®C is treated with 10 equivalents of trifluoroacetic acid. The
solution is stirred at room temperature for 18 hours, and all volatiles are

removed in vacuo. The residue is dissolved in methanol and treated

with 10 parts of Amberlite® !RA-400(OH) ion exchange resin. After 3

hours, the solution is filtered and concentrated to provide the title

15 compound.

Example 131G

Ma.2B.3B.4a)-DirN-fS)-a-fcvcloprQPvlmPthvnbenzyUNI-(4>

Dhenoxvben2vl)-aminocarbonvncvclobutane-3.4-dinqrboxvlic acid

20 The compound resulting from Example 131F is reacted with

4-phenoxyben2aldehyde by the procedures described in Example 11.

The resulting N-(S)-a-(cyclopropylmethyl)benzyl-N-(4-phenoxyben2yl)-

amine is reacted with 1,2,3,4-cyclobutanetetracarboxylic dianhydride by

the procedures described in Example 15 to afford the title compound.

25

Fxampig 132

Ma2p3p.4a^>DirNfRVa^^cvcloprQPvlmQthvnben2y^N(^l^

phenoxvbenzvh-aminocarbQnvncvclQbutan6-3.4-dicarboxvlic acid

The title compound is prepared by the procedures described in

30 Example 131 substituting (4R,5S)-(+)-4-methyl-5-phenyl-2-

oxazolidinone for (4S,5R)-(-)-4-methyl-5-phenyl-2- oxazolidinone in

Example 131 A.
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Exampig 133

f1a,2B.3B.4al-DirN-prQPvl-N-(S)-a-fcvcloDroDvlmethyn-r4>

phenoxvben2vn-aminocarbonvncvclQbutane-3.4>diGarhoxvlic add

5 Example 133A

f4S.5R^-3-r2-f4-fPh6nQXVPhenvhacetyn-4-mQthvl-5-DhfinyU1 3>

oxazolidin-2-one

A mechanically stirred solution of 4-phenoxyphenylacetic acid at

•78 °C is treated with one equivalent pivaloyi chloride then one

10 equivalent triethylamine. The mixture is stirred at -78 ""C for 15 minutes,

at 0 ""C for 45 minutes, then recooled to -78 °C. In a separate flask, one

part 2.5 M nBuLi is added to a solution of (4S,5R)-(-)-4-methyl-5-phenyl-

2- oxazolidinone in THF at -78 °C. The solution is stirred for 15 minutes

then transferred to the flask containing pivalic anhydride via cannula.

15 The mixture is stirred for 15 minutes at -78 and 9 hours at room

temperature. The mixture is quenched with 2 M KHSO4 and, after

evaporation of the THF, is extracted 3 times with ethyl acetate. The

combined ethyl acetate extracts are dried over MgS04. filtered and

concentrated to provide the crude title compound which is purified by

20 column chromatography eluting with ethyl acetate-hexane.

Exgmplg 133B

f4S.5R.gS)-3>f2-(2-Propenvn-2-f4-phenoxvphenvniacetvl-4-methvl-5-

phenyl-1 .3-oxazolidin-2-one

25 A solution of one equivalent of the compound resulting from

Example 133A in THF at -78 °C is transferred via cannula to a solution of

one equivalent of 1 M sodium bis(trimethylsilyl)amide in THF at -78 °C.

The cold enolate solution is stirred for 15 minutes at -78 ""C then treated

via cannula with 2 equivalents of allyl iodide in THF at -78 ^'C. The

30 solution is stirred for 6 hours at -78 ®C then warmed to 0 and

quenched with saturated ammonium chloride. The THF is removed, and

the water layer is extracted 2 times with ethyl acetate. The combined

washings are dried over MgS04, filtered and concentrated to provide



wo 95/12572 PCTAJS94/12132

-182-

the crude title compound which Is purified by column chromatography

eluting with ethyl acetate-hexane.

Example 133C

5 f4S.5R.2'SV3-r2-fCvclODroDvlmRthyn.p.f4-Dhfinnyvph6nvmarfttyl.A.

methvl-5-Phenvl-1.3.Qyaynl!dtn.2-onft

One equivalent of the compound resulting from Example 133B in

CH2CI2 at -23 °C is treated with 5 equivalents of 1 M diethyl zinc and 10
equivalents of diiodomethane. The solution is stirred at -23 "C to 0 °C

10 over 12 hours, quenched with saturated NH4CI. and extracted with

ether. The organic layer Is washed with 10% NaHCOaand brine, dried

over MgS04, filtered, concentrated and chromatogtaphed with ethyl

acetate-hexane to provide the title compound.

15 Example 133n

rS)-a-fCvclQProPvlmethylV4-ph6noxyphenvlaftatir t^^\^

To a solution of one equivalent of the compound resulting from
Example 133C in 3:1 THF-H2O at 0 *'C Is added 8 equivalents of 30%
H2O2 in H2O followed by 2 equivalents of 1 M LiOH. After stirring 2

20 hours at 0 °C, theTHF is removed, and the aqueous solution is extracted

3 times with CH2CI2. The aqueous solution is acidified to pH 1 with 1 jvl

HCI and extracted three times with ethyl acetate. The combined organic

extracts are dried over MgS04. filtered and concentrated to provide the

title compound.

25

Example la.'^F

N-t-Butvloxvcarbonvl-fS)-a-rcvclopropvlmethvn.4.phenpxyhPn7yiafTiir^P

A solution of one equivalent of the compound resulting from

Example 133D in toluene is treated with one equivalent of

30 diphenylphosphoryl azide and warmed at 70 °C for 2 hours. The
toluene is removed, and the residue is treated with 50 equivalents of 2-

methyl-2-propanol and refluxed for 24 hours. The solvent is removed,

and the residue is dissloved in ethyl acetate and washed with brine.
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The organic layer is dried over MgS04. filtered, concentrated, and

chromatographed eluting with ethyl acetate-hexane to provide the title

compound.

5 Eyample 133F

fSVN-a-fCvclODropvlmethvn-4-Pheno)cvbenzvlamine

One equivalent of the compound resulting from Example 133E in

CH2CI2 at 0 is treated with 10 equivalents of trifluoroacetic acid. The

solution is stirred at room temperature for 18 hours, and all volatiles are

10 removed in vacuo. The residue is dissolved in methanol and treated

with 10 parts Amberlite® IRA-400{OH) ion exchange resin. After 3

hours, the solution is filtered and concentrated to provide the title

compound.

15 Eygmple

na.2B.3B.4aVDirN-DrODV^N-fS>-a-(cvclQprQPvlmethvh-f/l-

phenoxvben2vn-aminocarbonvllcvclobutane-3.4-dicarbQxylic acid

The compound resulting from Example 131F is reacted with

propionaldehyde in analogy to the procedures described in Examples 1

20 and 2. The resulting N-propyl-N-(S)-a-(cyclopropylmethyl)-(4-

phenoxybenzyl)-amine is reacted with 1,2,3,4-

cyclobutanetetracarboxylic dianhydride by the procedures described in

Example 13 to afford the title compound,

25 Example 134

Ma.2p.3p.4aVDirN-propvl>N-fRVa-fcvclQprQpylmPthylV(4>

phenQxvben2vn-aminocarbonvncvclQbutane-3.4-d!carbQxylic acid

The title compound Is prepared by the procedures

described in Example 133 substituting (4R,5S)-(+)-4-methyl-5-phenyl-2-

30 oxazolidinone is substituted for (4S,5,R)-(-)-4-methy-5-phenyl-2-

oxazolidinone in Example 133A.
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ExamplQ 135

Alternate Preparation of

(1a.2B.3fi.4aVDirN-nroDvl.N.r4-phenoxvhpnyvl).

carbonvlamino^nvdobutane.a 4-dicart^oYylir ^ r.iri

5 A mixture of 507 mg (1 .23 mmol) of the compound resulting from

Example 123A In 10 mL of toluene was reacted with 5 mL of oxalyl

chloride. The mixture was heated to reflux for 0.5 hour. All volatiles

were removed under reduced pressure affording a pale yellow oil. The
oil was dissolved in 5 mL of acetone and reacted with 168 mg (2.58

10 mmol) of sodium azide dissolved in 1 mL of water. After 2 hours the

mixture was filtered and the volatiles were removed under reduced

pressure while keeping the flask cool. The oil was dissolved in 30 mL of

toluene and the solution was heated at 70 °C for 2 hours. Half of the

solvent was removed under reduced pressure and 1.0 mL of 2-methyl-2-

15 propanol and 20 mg of copper (I) chloride was added. The mixture was
heated at 70 "C for 6 hours. All volatiles were removed under reduced
pressure to afford a white solid. Purification by flash column

chromatography on silica gel eluting with 2:1 hexane-ethyl acetate

afforded 250 mg (36.7%) of white powder.

20 A 200 mg (0.361 mmol) sample of this powder was dissolved in 4
mL of dry DMF and was reacted sequentially with 127 mg (0.758 mmol)
of allyl iodide and 30 mg (0.76 mmol) of a 60% dispersion of sodium
hydride In mineral oil. After 18 hours water was added and the mixture

was extracted with ethyl acetate. All volatiles were removed under

25 reduced pressure affording an oil. Purification by flash column

chromatography on silica gel eluting with 2:1 hexane-ethyl acetate

afforded 110 mg (48%) of a clear oil. This oil was dissolved in 10 mL of

methylene chloride and cooled to 0 under nitrogen, whereupon 1

mL of trifluoroacetic acid was added. After 2 hours all volatiles were

30 removed under reduced pressure, affording 75.5 mg of crude product.

This product was dissolved in 10 mL of dry tetrahydrofuran and was
treated with 87.3 mg (0.382 mmol) of 4-phenoxyphenylacetic acid, 80.8

mg (0.421 mmol) of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
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hydrochloride. 56.8 mg (0.421 mmol) of 1-hydroxybenzotriazoIe hydrate,

. and 128 mg (1.26 mmol) of triethylamine. After 3 days 50 mL of ethyl

acetate was added and the mixture was washed with brine and dilute

hydrochloric acid. All volaliles are removed under reduced pressure

5 affording an oil. The oil was dissolved in 20 mL of ethyl acetate with 40

mg of 10% palladium on charcoal and was stirred under an atmosphere

of hydrogen for two days. The mixture was filtered and purified by flash

column chromatography on silica gel eluting with 40:1:1 ethyl acetate-

formic acid-water to yield 6 mg of the title compound, MS (FAB) m/e

10 678.

Examples 136-167

The following compounds can be prepared according to the

methods described in the previous examples, particularly Examples

15 131, 132, 133 and 134.

Ex. No. Name
1 36 (1 a.2p,3p.4a)-Di[N.(R)-a-ethylbenzyl-N-(4-

phenoxyphenyl)aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid

1 37 (1 a.2p,3p,4a)-Di[N-(S)-a-ethylbenzyl-N-(4-

phenoxyphenyl)aminocarbonyll-cyclobutane-3,4-dicarboxylic acid.

1 38 (1 a,2p,3p,4a)-Di[N-(R)-a-propyl-(4-

phenoxybenzyl)aminocarbonyl]cyclobutane- 3.4-dicarboxylic acid

139 (1a,2p,3p,4a)-Di[N-(S)-a-propyl-(4-

phenoxybenzyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid

1 40 (1 a.2p.3p.4a)-DiIN-propyl-N.(R)-a-propyl-(4-

phenoxybenzyl)aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid

141 (1 a.2p.3p,4a)-Di[N-propyl-N-(S)-a-propyl-(4-

phenoxybenzyl)aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid

1 42 (1 a.2p,3P.4a)-Di[N-benzyl-N-(R)-a-propyl-(4-

phenoxybenzyl)am inocarbonyl]-cyclobutane-3.4-dicarboxylic acid

1 43 (1 a,2p.3p.4a)-Di[N-benzyi-N-(S)-a-propyl-(4-

phenoxybenzyl)aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid
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Ex. No. Name
1 44 (1 a,2p,3p,4a)-Di[N-(cyclopropylmethyl)-N-(R)-a-propyl-(4-

phenoxybenzyl)- aminocarbonyl]cyclobutane-3,4-dicarboxylic acid

145 (1 a,2p.3p.4a)-Di[N-(cyclopropylmethyl)-N-(S)-a-propyl-(4-

phenoxyben2yl)-aminocarbonyl]cyclobutane-3,4-dicarboxylic acid

146 (1 a,2|3.3P,4a)-Di[N-(R)-a-ethyl-(4-

phenoxybenzyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid
1 47 (1 a.2p.3p.4a)-Di[N-(S)-a-ethyl-(4-

phenoxybenzyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid
1 48 (1 a,2p,3p,4a)-Di(N-propyl-N-(R).a-ethy|.N.(4.

phenoxyben2yl)aminocarbonyl]-cyclobulane-3,4-dicarboxylic acid
1 49 (1 a,2p,3p,4a)-Di[N-propyl-N-(S)-a-ethyl-N.(4-

phenoxyben2yl)aminocarbonyl]-cyclobutane-3,4-dlcarboxy|jc acid

150 (1a.2p.3p.4a)-Di[N-benzyl-N-(R)-a-etliyl-N-(4-

phenoxybenzyl)aminocarbonyi]-cyclobutane'3.4-dicarboxylic acid

151 (1 a,2p,3p,4a)-Di[N-ben2yl-N-(S)-a-Gthyl-N-(4-

phenoxybenzyl)aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid
1 52 (1 a,2p,3p.4a)-Di[N-(cyclopropylmetliyl).N-(R)-a-ethyl-(4-

plienoxybenzyl)- aminocarbonyl]cyclobutane-3,4-dicarboxylic acid
1 53 (1 a,23,3p.4a)-Di[N-(cyclopropylmethyl)-N-(S)-a-ethyl-(4-

phenoxyben2yl)-aminocarbonyl]cyclobutane-3,4-dicarboxylic acid
1 54 (1 a.2p.3p,4a)-Di[N-(R)-a-methyl-(4-phenoxybenzyl)aminocarbonyl]-

cyclobutane-3,4-dicarboxylic acid

155 (1a,2p,3p,4a)-Di[N-(S)-a-methyl-(4-plienoxybenzyl)aminocarbonyl]-

cyclobutane-3,4-dicarboxyllc acid

1 56 (1 a,2p,3p,4a).Di[N.propy|.N-(R).a-methyl-(4.

phenoxybenzyI)aminocarbonyl]-cyclobutane-3,4-dicarboxyIic acid

157 (1a,2p.3p.4a)-DiIN-propyl-N-(S)-a-metliy|.(4-

phenoxybenzyl)aminocarbonyl]-cyclobutane-3,4-dicarboxyIic acid

158 (1a,2p.3p,4a)-Di[N-ben2yl-N-(R)-a-methyi-(4-

plienoxybenzy)aminocarbonyi]-cyclobutane-3.4.dicarboxylic acid
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Ex No. Name

159 (1a.2p,3p.4a)-Di[N-benzyl-N-(S)-a-methyl-(4-

phenoxyben2yl)aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid

1 60 (1 a,2p,3p,4a)-Di[N-(cyclopropylmethyl)-N-(R).a-methyl-(4-

phenoxybenzyl)-aminocarbonyl]cyclobutane-3.4-dicarboxylic acid

161 (1a.2p.3p.4a)-DiIN-(cyclopropylmethyl).N-(S)-a-methyl-(4.

phenoxybenzyI)-aminocarbonyl]cyclobutane-3,4-dicarboxylic acid

1 62 (1 a,2p.2p.4a)-Di[N-{R)-a-(cyclopropylmethyl)-(4-

plienoxybenzyl)amino-carbonyl]cyclobutane-3,4-dicarboxylic acid

163 {1a,2p.3p,4a)-Di[N-(S)-a-(cyclopropyimethyl)-(4-

phenoxybenzyl)amino-carbonyl]cyclobutane-3.4-dicarboxylic acid

1 64 (1 a.2p,3p,4a)-Di[N-benzyl-N-(R)-a-(cyclopropylmethyl)-(4-

plienoxybehzyl)-aminocarbonyl]cyclobutane-3,4-dicarboxylic acid

165 (1a.2p.3p,4a)-Di[N-benzyl-N-(S)-a-(cyclopropylmethyl)-(4-

plienoxyben2yl)-aminocarbonyl]cyclobutane-3,4-dicarboxylic acid

1 66 (1 a.2p,3p,4a)-Di[N-(cyclopropylmethyl)-N-(R)-a-

(cyclopropylmethyl)-(4-phenoxybenzyl)aminocarbonyl]cyclobutane-

3,4-dicarboxylic acid

1 67 (1 a,2p,3p.4a)-Di[N-(cyclopropylmetliyl)-N-(S)-a-

(cyclopropylmetliyl)-(4-phenoxybenzyl)aminocarbonyllcyclobutane-

3,4-dicarboxylic acid
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Inhibition of Soualene Svnthfif^«;ff

Javitrp inhibition of squaiene synthetase may be measured by the

following procedure.

Rat liver microsomal squaiene synthetase activity was measured
5 using farnesyl pyrophosphate as a substrate and quantitating squaiene

synthesis using labelled farnesyl pyrophosphate and counting the

squaiene formed.

Rat liver microsome, the source of enzyme, was prepared

according to the method of Gillies. P. J., et al., Exp. Mole. Pathol, 44:

10 32&-339 (1986), a modification of the procedure of Erickson. S. K., and
Cooper, A. D., Metabolism, 29: 991-996 (1980). Approximately 30 \ig of

microsomal protein was incubated for 10 minutes at 37 with 11 jimol

of 3H-famesyl pyrophosphate, 49 mCi/mmol, and at least three

concentrations of test compound in the presence of squaiene (2 ^A)

15 (Mg++ KF, reduced B-nlcotlnamide adenine dinucleotide phosphate,

dithiothreitol, and K2PO4, pH 7.35, In a total volume of 200 jiA. Oxygen
was excluded from the closed incubation tube by degassing with

nitrogen. The reaction was terminated by the addition of ethanolic KOH
and after degassing with N2, the microsomal membranes were

20 solubilized by heating at 60 "C for 30 minutes. The squaiene was
extracted Into hexane, and the squaiene was separated from all other

radioactive molecules by passage over an activated alumina column.

The solution was collected in scintillation vials, evaporated to dryness,

liquid scintillation fluid was added, and the radioactivity was determined

25 ma liquid scintillation counter. The per cent inhibition at a dose of 10

MM (or 1 compared to controls with no test compound was
determined. The % inhibition values for the compounds of the Invention

are shown in Table 1 . The data show that compounds of the invention

are Inhibitors of squaiene synthetase.

30
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Table 1

In vitro inhibition of Squalene Synthetase

Ex. No. % Inhibition at Ex. No. % inhibition at

10 uM 10 uM

13 54 14 31

15 99 16 40*

17 88* 18 55

1Q ou

dd

do DD OAd*¥ 77
OR Oftdo DO*

07 "70 OPdo a <4y 1

OSJ D r

31w 1
37* 34

59* 3^ DO

Or D Q1 oon 0

1

HUD DO

HID 7P* 4PHfc O 1

43 47* 44 iJD

45 50* 478 87

48 79* 53B 63*

54B 74 55 78

56 86 57 64

58 63 59 50

60 65* 61B 43

62B 83 63 90

64D 45 65B 58

66C 33 67C 87

68B 84* 69E 56*

708 80 71C 77

* % Inhibition at 1
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ex. No. % Inhibition at Ex. No. % Inhibition at

10 HM 10

72C 51* 77B 51*

74D 55* 79B 83
76B 57* 828 67
78B 82* 84G 89
81

B

73 86D 86
83B 85 88 86
85 56* 90 53
87B 72 928 80*

89C 88
•

968 76
91 62 98C 84
95 78 100C 84
97 72 102 58
993 80 104A 70*

101C 86* 105A 48*

1038 90 106 92
104B 71* 108 59*

1058 57* 110A 73*

107 75* 111 49*

109 78* 113 31*
110B lib 79
112 21* 1188 51
1158 75 120 54
117 53* 122B 57
119C 45* 127C 68*

121 44 128F 80*

73B 75* 129B 92*

75B 73* 130B 48*

* % Inhibition at 1 \iM
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In vivo Inhibition of Cholesterol Synthesis

Monkeys, Cynomolgus, 2 males and 2 females per group,

Controls: 3.7-6.1 Kg body weight, Dosed animals: 4.8-5.6 Kg body

5 weight) were fasted overnight and bled in the morning. Plasma samples

were prepared and analyzed for total cholesterol, HDL-cholesterol and

triglycerides. The treated animals were dosed with the product of

Example 17, 20 mg/kg, po, while control monkeys were dosed with

vehicle containing 0.2% Methocel (hydroxypropylmethyl cellulose) in

10 water. Dosing was continued daily for a total of 5 days. Prior to the last

dose the animals were fasted overnight and bled after dosing but before

feeding. Plasma samples (anticoagulated with EDTA) were prepared

and analyzed as before. One-sample t-tests were calculated to test for

significant change within a group across the experiment. Total plasma

15 cholesterol was lowered an average of 15.5% in the monkeys that

received the product of Example 17.

Inhibition of Protein Farnesyltransferase

In vitro inhibition of protein farnesyltransferase can be measured

20 by the following procedure. (Procedures for determination of the

inhibition of farnesylation of the oncogene protein Ras are described by

Goldstein, et al.. J. Biol. Chem.. 266:15575-15578 (1991) and by Singh

in United States patent No. 5245061.)

Rat brain protein farnesyltransferase activity is measured using

25 the biotin-lamin substrate (which is known to undergo farnesylation in a

manner analogous to Ras protein) and radioactive farnesyl diphosphate

provided by Amersham Life Science in their commercial scintillation

proximity assay kit for the determination of farnesyltransferase. The

enzyme is purified according to Reiss, Y., et al., Cell. 62: 81-88 (1990),

30 utilizing steps one through three. The specific activity of the enzyme

used is approximately 10 nmol substrate farnesylated/mg enzyme/hour.

The percent inhibition of the farnesylation caused by the compounds of
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the invention (at 1 x IO-SM) compared to an uninhibited control sample
was evaluated in the same Amersham test system.

The ability of the compounds of the invention to treat carcinoma

6 can be demonstrated according to the methods of Mazerska 2.,

Woynarowska B., Stefanska B., Borowski S., Drugs Exptl. Clin. Res.

13(6). 345-351 (1987); Bissery, MC. Guenard F. Guerritte-Voegeiein F,

Lavelle F., Cancer Res. 51, 4845-4852 (1991); and Rygaard J. and
Povlsen C, Acta Pathol. Microbiol. Scand. 77, 758 (1969).

10 The ability of the compounds of the invention to treat fungal

infections can be demonstrated according to the method described by S.

Shadomy and M.A. Pfaller. 1991. Laboratory Studies with Antifungal

Agents: Susceptibility Tests and Quantitation in Body Fluids, pp. 1173-

1183. In A.Balows. W.J.Hausler.Jr.. K.L.Herrmann. H.lsenberg and
15 H.J.Shadomy, Eds. Manual of Clinical Microbiology, 5th Ed. American

Society for Microbiology, Washington, D.C. The antifungal activity of

squalene synthetase inhibitors has been reported by a number of

researchers including Dufresne et al. Tetrahedron 48/47 10221-10226
(1992) and Dawson, M.J., et al. J. Antibiot. (Tokyo) 45: 639-647 (1992).

20 The compounds of the present invention can be used in the form
of salts derived from inorganic or organic acids. These salts include but

are not limited to the following: acetate, adipate, alginate, citrate,

aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, camphorate,

camphorsulfonate, digluconate, cyclopentanepropionate,

25 dodecylsulfate, ethanesulfonate, glucoheptanoate. glycerophosphate,

hemisulfatei heptanoate, hexanoate, fumarate, hydrochloride,

hydrobromide, hydroiodide, 2-hydroxy-ethanesulfonate, lactate,

maleate, methanesulfonate, nicotinate, 2-naphthalenesulfonate, oxalate,

pamoate, pectinate, persulfate, 3-phenylpropionate, picrate, pivalate,

30 propionate, succinate, tartrate, thiocyanate, p-toluenesulfonate and
undecanoate. Also, the basic nitrogen-containing groups can be
quaternlzed with such agents as loweralkyi halides (such as methyl,

ethyl, propyl, and butyl chloride, bromides, and iodides), dialkyi sulfates
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like dimethyl, diethyl, dibutyl, and diamyl sulfates, long chain halides

such as decyl, lauryl, myristyl and stearyl chlorides, bromides and

Iodides, aralkyi halides like benzyl and phenethyl bromides, and others.

Water or oil-soluble or dispersible products are thereby obtained.

5 Examples of acids which may be employed to form

phanfTiaceutically acceptable acid addition salts include such inorganic

acids as hydrochloric acid, sulphuric acid and phosphoric acid and such

organic acids as oxalic acid, maleic acid, succinic acid and citric acid.

Basic addition salts can be prepared in situ during the final isolation

0 and purification of the compounds of formula (I), or separately by

reacting the carboxylic acid function with a suitable base such as the

hydroxide, carbonate or bicarbonate of a pharmaceutically acceptable

metal cation or with ammonia, or an organic primary, secondary or

tertiary amine. Phamnaceutically acceptable salts include, but are not

5 limited to, cations based on the alkali and aJkaline earth metals, such as

sodium, lithium, potassium, calcium, magnesium, aluminum salts and

the like, as well as nontoxic ammonium, quaternary ammonium, and

amine cations, including, but not limited to ammonium,

tetramethylammonium, tetraethylammonium, methylamine,

0 dimethylamine, trimethylamine. triethylamine, ethylamine, and the like.

Other representative organic amines useful for the formation of base

addition salts include diethylamine, ethylenediamine, ethanolamine,

diethanolamine, piperazine and the like.

The compounds of the invention are useful (in humans and other

5 mammals) for treating atherosclerosis to inhibit progression of the

disease or hyperlipidemia to inhibit the development of atherosclerosis

or treating fungal infections.

The compounds of the invention are useful (in humans and other

mammals) for inhibiting protein farnesyitransferase and the farnesylation

3 of Ras. These inhibitors of protein farnesyitransferase are also useful as

antitiumor agents for treating cancer in humans and other mammals.

Examples of the kinds of cancers which may be treated with the

compounds of the invention include, but are not limited to, lung
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carcinoma. colorectal carcinoma, exocrine pancreatic carcinoma and
myeloid leukemias.

For inhibition of squalene synthetase, the total daily dose
administered to a host in single or divided doses may be in amounts, for

5 example, from 0.001 to 1000 mg/kg body weight daily and more
preferred from 1.0 to 30 mg/kg body weight daily. Dosage unit

compositions may contain such amounts of submultiples thereof to make
up the dally dose.

For use as a chemotherapeutic agent, the total daily dose
10 administered to a host in single or divided doses may be in amounts, for

example, from 0.01 to 500 mg/kg body weight daily, preferably in

amounts from 0.1 to 20 mg/kg body weight daily and more preferably in

amounts from 0.5 to 10 mg/kg body weight daily. Dosage unit

compositions may contain such amounts of submultiples thereof to make
15 up the daily dose.

The amount of active ingredient that may be combined with the
carrier materials to produce a single dosage form will vary depending
upon the host treated and the particular mode of administration.

It will be understood, however, that the specific dose level for any
20 particular patient will depend upon a variety of factors including the

activity of the specific compound employed, the age, body weight,

general health, sex, diet, time of administration, route of administration,

rate of excretion, drug combination, and the severity of the particular

disease undergoing therapy.

25 The compounds of the present invention may be administered
orally, parenterally, sublingually, by inhalation spray, rectally, or topically

In dosage unit formulations containing conventional nontoxic

pharmaceutically acceptable carriers, adjuvants, and vehicles as
desired. Topical administration may also involve the use of transdermal

30 administration such as transdermal patches or iontophoresis devices.

The term parenteral as used herein includes subcutaneous injections,

intravenous. Intramuscular, intrasternal injection, or infusion techniques.
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Injectable preparations, for example, sterile injectable aqueous or

oleagenous suspensions may be formulated according to the known art

using suitable dispersing or wetting agents and suspending agents.

Die sterile injectable preparation may also be a sterile injectable

5 solution or suspension in a nontoxic parenterally acceptable diluent or

solvent, for example, as a solution in 1 ,3-propanediol. Among the

acceptable vehicles and solvents that may be employed are water,

Ringer's solution, and Isotonic sodium chloride solution. In addition,

sterile, fixed oils are conventionally employed as a solvent or

10 suspending medium. For this purpose any bland fixed oil may be

employed including synthetic mono- or diglycerides. In addition, fatty

acids such as oleic acid find use in the preparation of injectables.

Suppositories for rectal administration of the drug can be

prepared by mixing the drug with a suitable nonirritating excipient such

15 as cocoa butter and polyethylene glycols which are solid at ordinary

temperatures but liquid at the rectal temperature and will therefore melt

in the rectum and release the drug.

Solid dosage forms for oral administration may include capsules,

tablets, pills, powders, and granules. In such solid dosage forms, the

20 active compound may be admixed with at least one inert diluent such as

sucrose, lactose, or starch. Such dosage forms may also comprise, as is
•

normal practice, additional substances other than inert diluents, e.g.,

lubricating agents such as magnesium stearate. In the case of capsules,

tablets, and pills, the dosage forms may also comprise buffering agents.

25 Tablets and pills can additionally be prepared with enteric coatings.

Liquid dosage forms for oral administration may include

pharmaceutically acceptable emulsions, solutions, suspensions, syrups,

and elixirs containing inert diluents commonly used in the art, such as

water. Such compositions may also comprise adjuvants, such as

30 wetting agents, emulsifying and suspending agents, and sweetening,

flavoring, and perfuming agents.

The compounds of the present invention can also be

administered in the form of liposomes. As is known in the art, liposomes
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are generally derived from phospholipids or other lipid substances.

Liposomes are formed by mono- or multi-lamellar hydrated liquid

crystals that are dispersed in an aqueous medium. Any non-toxic,

physiologically aceptable and metabolizable lipid capable of forming

5 liposomes can be used. The present compositions in liposome form can
contain, In addition to a compound of the present invention, stabilizers,

preservatives, excipients. and the like. The preferred lipids are the

phospholipids and phosphatidyl cholines (lecithins), both natural and
synthetic.

10 Methods to form liposomes are known in the art. See, for

example, Prescott, Ed., Methods in Cell Biology
, Volume XIV, Academic

Press, New York. N.Y. (1976), p. 33 et seq.

While the compounds of the invention can be administered as the

sole active phamiaceutical agent, they can also be used in combination

15 with one or more other cardiovascular agents independently selected

from HMG CoA reductase inhibitors, antihyperlipoprotelnemic agents
and serum cholesterol lowering agents.

Representative HMG CoA reductase inhibitors include lovastatin,

pravastatin, velostatin, simvastatin and the like.

20 Representative antihyperlipoproteinemic agents include probucol

and the like.

Representative serum cholesterol lowering agents include

Lopid®. gemfibrozil), bile acid sequestrants such as cholestyramine,

colestipol, polidexide, DEAE-Sephadex, clofibrate, nicotinic acid and its

25 derivatives, neomycin, p-aminosalicylic acid, bezafibrate and the like.

The above compounds to be employed in combination with the

squalene synthetase inhibitor of the invention will be used in therapeutic

amounts as indicated in the Physicians' Desk Reference (PDR) 47th

Edition (1993), which is incorporated herein by reference, or such

30 therapeutically useful amounts as would be known to one of ordinary skill

in the art.
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The compounds of the invention and the other cardiovascular

agent can be administered at the recommended maximum clinical

dosage or at lower doses. Dosage levels of the active compounds In the

compositions of the invention may be varied so as to obtain a desired

5 therapeutic response depending on the route of administration, severity

of the disease and the response of the patient. The combination can be

administered as separate compositions or as a single dosage form

containing both agents.

When administered as a combination, the therapeutic agents can

10 be fomiulated as separate compositions which are given at the same

time or different times, or the therapeutic agents can be given as a single

composition.

The foregoing is merely illustrative of the invention and is not

intended to limit the invention to the disclosed compounds. Variations

15 and changes which are obvious to one sicilled in the art are intended to

be within the scope and nature of the invention which are defined in the

appended claims.
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CLAIMS

What is claimed is:

1 . A compound of the formula:

«i .A2

wherein and Ag are independently selected from

10 (1) -X-C(0)-G or -X-C(S)-G wherein at each occurrence X is

independently selected from (a) a covalent bond, (b) -CHg-,

(c) -0-, (d) -S- and (e) -N(Ra)- wherein is hydrogen,

loweralkyi, cycloalkyi or cycloalkylalkyi and at each occurrence
G is independently selected from -R2. -N(R^)(R2). -ORg and -SRg

15 wherein at each occurrence is independently selected from

(a) hydrogen, (b) loweralkyi, (c) alkenyl. (d) alkynyl,

(e) cycloalkyi, (f) cycloalkylalkyi, (g) alkoxycarbonylalkyi,

(h) alkoxyalkyl. (i) thioalkoxyalkyl, G) haloalkyi, (k) aryl.

(!) heterocyclic, (m) arylalkyi, (n) aryl-substituted cycloalkylakyi,

20 (0) (heterocyclic)alkyl, (p) heterocyclic-substituted cycloalkylalkyi

and (q) aryl, heterocyclic, arylalkyi, aryl-substituted

cycloalkylalkyi, (heterocyclic)alkyl or heterocyclic-substituted

cycloalkylalkyi wherein the aryl group, the aryl part of the

arylalkyi group, the aryl part of the aryl-substituted

25 cycloalkylalkyi, the heterocyclic group, the heterocyclic part of

the (heterocyclic)alkyl group or the heterocyclic part of the

heterocyclic-substituted cycloalkylalkyi group is substituted

with -Y-R3 wherein at each occurrence Y is independently

selected from (i) a covalent bond, (ii) -C(0)-, (iii) -CHg-, (iv) -0-,

30 (v) -S(0)„- wherein m is 0. 1 or 2, (vi) 'H{f^- wherein is



wo 95/12572 PCTAJS94/12132

-199-

hydrogen or loweralkyi, (vii) -CHgO-, (viii) -CH2S(0)n,- wherein

m is 0, 1 or 2 and (ix) -CH2iSI(Rb)- wherein is hydrogen or I

owerallcyl and at each occurrence Rg is independently selected

from (i) aryl. (ii) arylallcyl, (iii) cycloall<yl, (iv) cycloall<y!all<yl.

35 (v) heterocyclic and (vi) (heterocyclio)all<yl and at each
occurrence Rg is independently selected from (i) alkenyl,

(il) alkynyl, (iii) aryl. (iv) arylalkyl. (v) arylalkenyl. (vi) heterocyclic,

(vli) (heterocycllc)alkyl and (vi) aryl. heterocyclic, arylalkyl or

(heterocyclic)alkyl wherein the aryl group, the aryl part of the

40 arylalkyl group, the heterocyclic group or the heterocyclic part of

the (heterocyclic)alkyl group is substituted with -Z-R4 wherein at

each occurrence Z is independently selected from (i) a covalent

bond, (ii) -C(0)-. (iii) -CHg-. (iv) -0-. (v) -S(0)p- wherein p is 0,

1

or 2. (vi) -N(Rg)- wherein Rp is hydrogen or loweralkyi,

45 (vii) -CHgO-, (viii) -CH2S(0)p- wherein p is 0, 1 or 2 and

(Ix) -CH2N(RJ- wherein Rg is hydrogen or loweralkyi and at

each occurrence R4 is independently selected from (i) aryl,

(II) arylalkyl, (iii) cycloalkyl. (iv) cycloalkylalkyi, (v) heterocyclic

and (vi) (heterocyclic)alkyl and
50 (2) -(CH2)q-N(Ri (Rg) wherein q is 0, 1 or 2 and at each occurrence

Ri and Rg are independently defined as above; and
and Bg are independently selected from

(1) -CHgOH,

(2) -CH=NOH.

55 (3) -W-R5 wherein at each occurrence W is independently

selected from (a) a covalent bond, (b) alkylene,

(c) alkenylene, (d) -C(0)NH- and (e) -NHC(0)NH- and
R5 is independently selected from

(a) 5-tetrazolyl,

60 (b) "
.
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65

I
NH

(c) 2^ Wherein R27 is -CN. -NO2, or

-CO2R28 wherein R28 is hydrogen, aryl or

ioweralkyi,

i NH

(d) wherein at each occun-ence R29
Is selected from hydrogen and Ioweralkyi,

R29 ff^o
^29*

—

I NH

(®) ° Wherein R29 is as defined above.
R31 o

(0 ° wherein at each occurrence

R31 is selected from hydrogen, Ioweralkyi,

alkenyl, alkoxyalkyi and benzyl.

70 (g)
^ H

(h)

A
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(i)

0)

K-i
o

o

A
^ H

A0

NH

(k)
o

o

75 (I)

I
NH

OH

(m) °"
. and

•

(n) "° - .

(4) -Q-C(0)R6 wherein at each occurrence Q is independently

selected from (a) a covalent bond, (b) alkylene,

80 (c) alkenylene. (d) -CH(OH)- and (e) -NHC(0)(CH2)r-

wherein r is 0 to 4 and at each occurrence Rg Is

independently selected from (a) -OR7 wherein Rj Is

hydrogen or a carboxy-protecting group, (b) -NH2,

(c) -NHOH, (d) -NHSO2CF3 (e) an alpha-amino acid or a

85 beta-amino acid which Is bonded via the alpha- or beta-
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amino group and (f) a di-, tri- or tetra-peptide which is

bonded via the amino terminal amino group,

(5) -CH2-N(OH)-C(0)-R25 wherein R25 is hydrogen, methyl or

trifluoromethyl, and

(6) -C(0)-NH-S(0)2-R26 wherein R26 is aryl, heterocyclic,

arylalkyl. (heterocyclic)alkyl, Ca-Cr-cycIoalkyI, Ci-Ce-alkyI or

perfluoro-Ci-C4-alkyl,

or a pharmaceutically acceptable salt thereof.

2. A compound as defined by Claim 1 wherein
and A2 are independently selected from -C(0)-G wherein G is

defined as above and

and B2 are independently selected from

(a) -W-R5 wherein W is a covalent bond or alkylene and
R5 is 5-tetra2olyl and

(b) -Q-C(0)-Re wherein at each occurrence Q is

Independently selected from a covalent bond and
alkylene and at each occurrence Rg is independently

selected from

(1) -OR7 wherein R7 is hydrogen or a

carboxy-protecting group.

an alpha-amino acid or a beta-amino

acid which is bonded via the alpha- or

beta-amino group and

a di-, tri- or tetra-peptide which is

bonded via the amino terminal amino

group.

(2)

(3)
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20

3. A compound as defined by Claim 1 wherein

and A2 are independently selected from -C(0)-G wherein G is

-N(R^)(R2) wherein and R2 are defined as above and

and B2 are independently selected from

5 (a) -W-R5 wherein W is a covalent bond or alkylene and

R5 is 5-tetrazolyl and

(b) -Q-C(0)-Re wherein at each occurrence Q Is

independently selected from a covalent bond and

alkylene and at each occurrence Rg is independently

10 selected from

(1) -OR7 wherein R^ is hydrogen or a

carboxy-protecting group,

(2) an alpha-amino acid or a beta-amino

acid which is bonded via the alpha- or

15 beta-amino group and

(3) a di-, tri- or tetra-peptide which is

bonded via the amino terminal amino

group.

4. A compound as defined by Claim 1 wherein

A^ and Ag are independently selected from -C(0)-G wherein G is

-N(R^)(R2) wherein at each occurrence R^ is independently

selected from (a) hydrogen, (b) loweralkyi, (c) cycloalkyi,

5 (d) cycloalkylalkyi, (e) alkoxyalkyi, (f) thioalkoxyalkyi, (g) aryl,

(h) heterocyclic, (i) arylalkyl. Q) (heterocyclic)alkyl,

(k) aryl-substituted cycloalkylalkyi, (I) heterocyclic-substituted

cycloalkylalkyi and (m) aryl, heterocyclic, arylalkyi,

(heterocyclic)alkyl, aryl-substituted cycloalkylalkyi or

10 heterocyclic-substituted cycloalkylalkyi wherein the aryl group,

the aryl part of the arylalkyi group, the aryl part of

aryl-substituted cycloalkylalkyi, theheterocyclic group, the

heterocyclic part of the (heterocyclic)alkyl group or the
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heterocyclic part of heterocyclic-substituted cycloalkylalkyi

group is substituted witli -Y-R3 wherein at each occurrence Y is

independently selected from (i) -0-. (ii) -S(0)^- wherein m is 0.

1 or 2 and (iii) -N(Rj,)- wherein is hydrogen or loweralkyi and
at each occurrence R3 is independently selected from (i) aryl,

(ii) arylalkyl. (Iii) cycloalkyl. (iv) cycloalkylalkyi, (v) heterocyclic
and (vi) (heterocyclic)alkyl and at each occurrence Rg is

independently selected from aryl, heterocyclic, arylalkyl and
(heterocyclic)alkyl wherein the aryl group, the aryl part of the
arylalkyl group, the heterocyclic group or the heterocyclic part of
the (heterocyclic)alkyl group is substituted with -Z-R4 wherein

at each occurrence Z is independently selected from (i) -0-,

(ii) -S(0)p- wherein p is 0, 1 or 2 and (iii) -N(Rg)- wherein Rg is

hydrogen or loweralkyi and at each occurrence R4 is

independently selected from (i) aryl, (ii) arylalkyl, (iii) cycloalkyl,

(Iv) cycloalkylalkyi. (v) heterocyclic and (vi) (heterocyclic)alkyl

and
and Bg are independently selected from

(a) -W-Rs wherein W is a covalent bond or alkylene and
R5 is 5-tetrazolyl and

(b) -Q-C(0)-Rg wherein at each occurrence Q is

independently selected from a covalent bond and
alkylene and at each occurrence Rg is independently

selected from

(1 ) -OR7 wherein R^ is hydrogen or a

carboxy-protecting group,

(2) an alpha-amino acid or a beta-amino

acid which is bonded via the alpha- or

beta-amino group and

(3) a di-, tri- or tetra-peptide which is

bonded via the amino terminal amino
group.
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5. A compound as defined by Claim 1 wherein

and Ag are independently selected from -C(0)-G wherein G is

-N(R«,)(R2) wherein at each occurrence is

independently selected from (a) loweralkyi, (b) cycloalkyi

and (c) cycloalkyialkyi and at each occurrence R2 is

independently selected from aryl and arylalkyi wherein the

aryl group or the aryl part of the arylalkyi group is

substituted with -Z-R4 wherein at each occurrence Z is

independently selected from (i) -O- and (ii) -S- and at each

occurrence R4 is independently selected from (i) aryl,

(ii) arylalkyi. (iii) cycloalkyi. (iv) cycloalkyialkyi,

(v) heterocyclic and (vi) (heterocyclic)alkyl and
and are independently selected from -W-R5 and

-Q-C(0)-Re wherein at each occurrence Q and W are

independently selected from a covalent bond and alkylene.

Rg is -OR7 wherein R^ is hydrogen or a carboxy-protecting

group and R5 is 5-tetrazolyl.

6. A compound as defined by Claim 1 wherein

A^ and Ag are independently selected from -C(0)-G wherein G is

-N(R^)(R2) wherein at each occurrence R^ is independently

selected from

(a) loweralkyi, (b) cycloalkyi and (c) cycloalkyialkyi

and at each occurrence Rg is independently

selected from phenyl and benzyl wherein the phenyl

group or the phenyl ring of the benzyl group is

substituted with -Z-R4 wherein at each occurrence

Z is independently selected from (i) -O- and
(ii) -S- and at each occun-ence R4 is

independently selected from (i) aryl,

(ii) arylalkyi, (iii) heterocyclic and

(iv) (heterocyclic)alkyl and
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15 and B2 are independently selected from -W-R5 and

-Q-C(0)-R6 wherein at each occun-ence Q andW are

independently selected from a covalent bond and alkylene,
Rg is -OR7 wherein R7 is hydrogen or a carboxy-protecting

group and R5 is 5-tetrazolyl.

20

7. A compound as defined by Claim 1 wherein
and Ag are independently selected from -C(0)-G wherein G is

•N(Ri)(R2) wherein at each occurrence R^ is independently

selected from (a) loweralkyi, (b) cycloall<yl and
5 (c) cycloalkylalkyi and R2 is benzyl wherein the phenyl ring of

the benzyl group is substituted with -Z-R4 wherein at each

occurrence Z is independently selected from (I) -O- and (ii) -S-
and R4 is aryl and

and Bg are independently selected from -W-R5 and

-Q-C(0)-R6 wherein at each occurrence Q and W are

Independently selected from a covalent bond and alkylene.

Re is -ORy wherein R7 is hydrogen or a carboxy-protecting

group and R5 is S-tetrazoIyl.

8. A compound as defined by Claim 1 wherein

Ai and Ag are independently selected from -C(0)-G wherein G is

-N(Ri)(R2) wherein at each occurrence R^ is (a) loweralkyi,

(b) cycloalkyi and (c) cycloalkylalkyi and Rg is benzyl

5 wherein the phenyl ring of the benzyl group is substituted
with -Z-R4 wherein at each occurrence Z is Independently

selected from (i) -0- and (ii) -S- and R4 is heterocyclic and
B^ and 82 are independently selected from -W-Rs and

-Q-C(0)-R6 wherein at each occurrence Q and W are

0 independently selected from a covalent bond and alkylene,
Rq is -OR7 wherein R7 is hydrogen or a carboxy-protecting

group and R5 is 5-tetrazolyl.
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9. The compound as defined by Claim lot the fomnula:

^'V

5 wherein and A2 are independently selected from

(1) -X-C(0)-G or -X-C(S)-G wherein at each occurrence X is

independently selected from (a) a covalent bond, (b) -CHg-,

(c) -0-. (d) -S- and (e) -N(Ra)- wherein is hydrogen.

ioweralkyl. cycloalkyi or cycloalkylalkyi and at each occurrence

10 G is independently selected from -R2, -N(R^)(R2). -ORg and -SRg

wherein at each occurrence R^ is independently selected from

(a) hydrogen, (b) Ioweralkyl, (c) alkenyl, (d) alkynyl.

(e) cycloalkyi, (f) cycloalkylalkyi, (g) alkoxycarbonylalkyi,

(h) alkoxyalkyl. (i) thioalkoxyalkyi, (j) haloalkyi, (k) aryl,

15 (I) heterocyclic, (m) arylalkyl. (n) aryl-substituted cycloalkylakyi,

(0) (heterocyclic)alkyl, (p) heterocyclic-substituted cycloalkylalkyi

and (q) aryl, heterocyclic, arylalkyl, aryl-substituted

cycloalkylalkyi, (heterocyclic)alkyl or heterocyclic-substituted

cycloalkylalkyi wherein the aryl group, the aryl part of the

arylalkyl group, the aryl part of the aryl-substituted

cycloalkylalkyi, the heterocyclic group, the heterocyclic part of

the (heterocyclic}alkyl group or the heterocyclic part of the

heterocyclic-substituted cycloalkylalkyi group is substituted

with -Y-R3 wherein at each occurrence Y is independently

selected from (i) a covalent bond, (ii) -C(0)-, (iii) -CHg-. (iv) -0-,

(v) -S(0)^- wherein m is 0, 1 or 2. (vi) -N(Rjj)- wherein R^ is

hydrogen or Ioweralkyl, (vii) -CHgO-, (viii) -CHgSCO)^^- wherein

m is 0, 1 or 2 and (ix) -CH2N(R|j). wherein R^ is hydrogen or

Ioweralkyl and at each occurrence R3 Is independently selected

from (i) aryl, (ii) arylalkyl, (iii) cycloalkyi, (iv) cycloalkylalkyi,
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(V) heterocyclic and (vi) (heterocyclic)alkyl and at each
occurrence R2 is independently selected from (i) alkenyl,

(ii) alkynyl. (iil) aryl. (iv) arylalkyl. (v) arylalkenyl. (vi) heterocyclic,
(vii) (heterocyciic)alkyl and (vi) aryl, heterocyclic, arylalkyl or

35 (heterocycllc)alkyl wherein the aryl group, the aryl part of the
arylalkyl group, the heterocyclic group or the heterocyclic part of
the (heterocycllc)alkyl group Is substituted with -Z-R4 wherein at

each occurrence Z Is Independently selected from (i) a covalent
bond. (11) -C(0).. (iii) .CH2-. (iv) -O-. (V) -S(0)p- wherein p Is 0.

1

40 or 2, (vi) -N(Rc)- wherein is hydrogen or loweralkyl.

(vii) -CH2O-. (viii) -CH2S(0)p- wherein p is 0, 1 or 2 and
(ix) -CH2N(Rg)- wherein R^ is hydrogen or loweralkyi and at

each occurrence R4 is independently selected from (i) aryl,

(ii) arylalkyl. (iii) cycloalkyi, (iv) cycloalkylalkyl. (v) heterocyclic
45 and (vl) (heterocyclic)alkyl and

(2) -(CH2)q-N(Ri(R2) wherein q is 0, 1 or 2 and at each occurrence
R^ and R2 are independently defined as above; and

and Bg are independently selected from

(1) -CH2OH,

50 (2) -CH=NOH,

(3) -W-R5 wherein at each occurrence W is independently

selected from (a) a covalent bond, (b) alkylene,

(c) alkenylene. (d) -C(0)NH- and (e) -NHC(0)NH- and
R5 Is independently selected from

65 (a) 5-tetrazolyl,

(b) ^ "
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1 NH

(c) wherein R27 is -CN, -NO2, or

. -CO2R28 wherein R28 is hydrogen, aryl or

loweralkyi,

^29 P

I NH

(d) ^ wherein at each occurrence R29

is selected from hydrogen and loweralkyi.

R29 ff . o
R29-4--s;^

I r

(e) ^ wherein R29 is as defined above.
R31 o

(f) ^ wherein at each occurrence

R31 is selected from hydrogen, loweralkyi.

alkenyl, alkoxyalkyl and benzyl,

(g)
^ " .

O

A
(h)



W095/12S72 PCnVUS94/12132

-210-

70

and

(4) -Q-C(0)Rg wherein at each occurrence Q is independently

75 selected from (a) a covalent bond, (b) alkylene,

(c) alkenylene. (d) -CH(OH)- and (e) -NHC(0)(CH2)r-

whereln r Is 0 to 4 and at each occurrence Rg Is

independently selected from (a) -OR7 wherein R7 Is

hydrogen or a carboxy-protecting group, (b) -NH2.

80 (c) -NHOH, (d) .NHSO2CF3 (e) an alpha-amino acid or a

beta-amino acid vA^ich is bonded via the alpha- or beta-
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amino group and (f) a di-, tri- or tetra-peptide which is

bonded via the amino terminal amino group,

(5) -CH2-N(OH)-C(0)-R25 wherein R25 is hydrogen, methyl or

85 trifluoromethyl, and

(6) -C(0)-NH-S(0)2-R26 wherein R26 is aryl, heterocyclic.

arylallcyi, (heterocyclic)alkyl. Ca-Cy-cycloall^yl, CrCs-alkyI or

perfiuoro-Ci -C4-allcyl:

or a phamnaceutically acceptable salt thereof.

90

10. A compound as defined by Claim 9 wherein

and A2 are independently selected from -C(0)-G wherein G is

defined as above and

Bi and B2 are independently selected from

5 (a) -W-R5 wherein W is a covalent bond or all<ylene and

R5 is S-tetrazolyl and

(b) -Q-C(0)-Re wherein at each occurrence Q is

independently selected from a covalent bond and
alkylene and at each occurrence R^ is independently

10 selected from

(1) -OR7 wherein R7 is hydrogen or a

carboxy-protecting group,

(2) an alpha-amino acid or a beta-amino

acid which is bonded via the alpha- or

15 beta-amino group and

(3) a di-, tri- or tetra-peptide which is

bonded via the amino terminal amino

group.
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11. A compound as defined by Claim 9 wherein
and A2 are independently selected from -C(0)-G wherein G is

-N(Ri)(R2) wherein and are defined as above and
and Bg are independently selected

(a) -W-Rs wherein W Is a covalent bond or alkylene and
R5 is 5-tetrazolyl and

(b) -Q-C(0)-R6 wherein at each occurrence Q is

Independently selected from a covalent bond and
alkylene and at each occurrence Rg is independently

selected from

(1 ) -OR7 wherein R7 is hydrogen or a

carboxy-protecting group,

(2) an alpha-am ino acid or a beta-amino

acid which is bonded via the alpha- or

beta-amino group and

(3) a di-, tri- or tetra-peptide which is

bonded via the amino temiinal amino
group.

12. A compound as defined by Claim 9 wherein
A^ and Ag are independently selected from -C(0)-G wherein G is

-N(Ri)(R2) wherein at each occurrence R, is independently

selected from (a) hydrogen, (b) loweralkyi, (c) cycloalkyi,

(d) cycloalkylalkyl. (e) alkoxyalkyl. (f) thioalkoxyalkyl. (g) aryl.

(h) heterocyclic, (i) arylalkyl. 0) {heterocyclic)alkyl,

(k) aryl-substituted cycloalkylalkyl. (I) heterocyclic-substituted

cycloalkylalkyl and (m) aryl. heterocyclic, aryialkyi,

(heterocyclic)alkyl. aryl-substituted cycloalkylalkyl or

heterocyclic-substituted cycloalkylalkyl wherein the aryl group,
the aryl part of the arylalkyl group, the aryl part of

aryl-substituted cycloalkylalkyl, theheterocyclic group, the
heterocyclic part of the (heterocyclic)alkyl group or the

heterocyclic part of heterocyclic-substituted cycloalkylalkyl
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15 group is substituted with -Y-Rg wherein at each occurrence Y Is

independently selected from (i) -0-, (ii) -8(0)^^- wherein m is 0,

1 or 2 and (iii) -N(R|j)- wherein R^, is hydrogen or loweralkyi and

at each occurrence R3 is independently selected from (i) aryl.

(ii) arylalkyl. (iii) cycloalkyi, (iv) cycloalkylalkyl. (v) heterocyclic

20 and (vi) (heterocyclic)alkyl and at each occurrence R2 is

independently selected from aryl, heterocyclic, arylalkyl and

(heterocyclic)alkyl wherein the aryl group, the aryl part of

arylalkyl, the heterocyclic group or the heterocyclic part of

(het6rocyclic)alkyl is substituted with -Z-R4 wherein at

25 each occurrence Z is independently selected from (i) -0-,

(ii) -S(0)p- wherein p is 0. 1 or 2 and (iii) -N(Rc)- wherein R^ is

hydrogen or loweralkyi and at each occurrence R4 is

independently selected from (i) aryl, (ii) arylalkyl, (iii) cycloalkyi,

(iv) cycloalkylalkyl. (v) heterocyclic and (vi) (heterocyclic)alkyl

30 and

and B2 are independently selected

(a) -W-R5 wherein W is a covalent bond or alkylene and

R5 is 5-tetrazolyl and

(b) -Q-C(0)-R6 wherein at each occurrence Q is

35 independently selected from a covalent bond and

alkylene and at each occurrence R5 is independently

selected from

(1) -OR7 wherein Ry is hydrogen or a

carboxy-protecting group,

40 (2) an alpha-amino acid or a beta-amino

acid which is bonded via the alpha- or

beta-amino group and

(3) a di-, tri- or tetra-peptide which Is

bonded via the amino terminal amino

45 group.



'2U-

13. A compound as defined by Claim 9 wherein
and Ag are independently selected from -C(0)-G wherein G is

-NCR^XRg) wherein at each occurrence is

Independently selected from (a) loweralkyi, (b) cycloalkyi
and (c) cycloalkylalkyi and at each occurrence Rg is

Independently selected from aryl and arylaikyi wherein the
aryl group or the aryl part of arylaikyi is substituted with
-Z-R4 wherein at each occurrence Z is independently

selected from (i) -O- and (ii) -S- and at each occurrence R4
is independently selected from (I) aryl, (Ii) arylaikyi,

(ill) cycloalkyi. (iv) cycloalkylalkyi, (v) heterocyclic and
(vi) (heterocyclic)alkyi and

and are independently selected from -W-R5 and

-Q-C(0)-Re wherein at each occurrence Q and W are

independently selected from a covalent bond and alkylene,
Rg is -OR7 wherein R7 is hydrogen or a carboxy-protecting

'

group and R5 is 5-tetrazolyl.

14. A compound as defined by Claim 9 wherein
A^ and Ag are independently selected from -C(0)-G wherein G is

-N(Ri)(R2) wherein at each occurrence R^ is independently

selected from

(a) loweralkyi, (b) cycloalkyi and (c) cycloalkylalkyi
and at each occurrence Rg is Independently

selected from phenyl and benzyl wherein the phenyl
group or the phenyl ring of the benzyl group is

substituted with -Z-R4 wherein at each occurrence

Z is independently selected from (i) -O- and
(ii) -S- and at each occurrence R4 is

independently selected from (i) aryl,

(ii) arylaikyi, (iii) heterocyclic and
(iv) (heterocyclic)alkyl and
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15 B-i and B2 are independently selected from -W-R5 and

^ -Q-C(0)-R5 wherein at each occurrence Q and W are

independently selected from a covalent bond and alkylene,

^
Rg is -OR7 wherein R7 is hydrogen or a carboxy-protecting

group and R5 is 5-tetrazolyl.

20

15. A compound as defined by Claim 9 wherein

and Ag are independently selected from -C{0)-G wherein G is

-N(R^)(R2) wherein at each occurrence R^ Is independently

selected from (a) loweralkyi, (b) cycloalkyi and (c)

5 cycloalkylalkyi and Rg is benzyl wherein the phenyl ring of the

benzyl group is substituted with -Z-R4 wherein at each

occurrence Z Is independently selected from (i) -O- and (ii) -S-

and R4 is aryl and

and Bg are independently selected from -W-R5 and

10 -Q-C(0)-R6 wherein at each occurrence Q and W are

independently selected from a covalent bond and alkylene,

Rg is -OR7 wherein R7 is hydrogen or a carboxy-protecting

group and R5 is 5-tetrazolyl.

16. A compound as defined by Claim 9 wherein

A-i and Ag are independently selected from -C(0)-G wherein G is

N(Ri)(R2) wherein at each occurrence R^ is (a) loweralkyl.

(b) cycloalkyi and (c) cycloalkylalkyi and Rg is benzyl

5 wherein the phenyl ring of the benzyl group is substituted

with -Z-R4 wherein at each occurrence Z is independently

selected from (i) -O- and (ii) -S- and R4 is heterocyclic and

B^ and Bg are independently selected from -W-R5 and

^ •Q-C(0)-Rg wherein at each occurrence Q and W are

10 independently selected from a covalent bond and alkylene,

r Rq is -OR7 wherein R7 is hydrogen or a carboxy-protecting

group and R5 is 5-tetrazolyl.
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17. A compound selected from the group consisting of

(1a,2p,3p,4a)-1.2-Di(N-ben2yl-N-(4-phenoxyben2yl)-

aminocarbonyl)cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3|3,4a)-1.2-Di(N-propyl-N-(4-phenoxyben2yl)-

aminocarbonyl)cyclobutane-3.4-dicarboxylic acid;

(-H1a.2p,3p.4a)-1,2.Di(N-propyl-N-(4-phenoxyben2yl)-

amlnocarbonyl)cyc!obutane-3,4-dicarboxylic acid;

(1 a,2p,3p.4a)-1 .2-Di(N-(2-ethylthloethyl)-N.(4-phenoxyben2yl).

aminocarbonyl)cyclobutane-3,4-dicarboxylic acid;

(1a,2p.3p,4a)-1,2-DI(N-(cyclopropylmethyl)-N-(4-

phenoxyben2yl)aminocarbonyl)cyclobutane-3,4-

dicarboxylic acid;

(1a,2p,3p.4a)-1-(N-Propyl-N-(4-plienoxyben2yl)am[nocarbonyl)-

2-(N-ben2yi-N-(4-phenoxybenzyl)aminocarbonyl-

)cyclobutane-3,4-dicarboxylic acid;

(1a.2p.3p,4a)-1,2-Di(N-propyl-N-(4-phenylthioben2yl)-

aminocarbonyl)cyclobutane-3,4-dicarboxylic acid;

(1a,2p,3p,4a)-1 ,2-Di{N-propyl-N-(4-phenoxyben2yl)-

aminocarbonyl-4-tetra2olylmethyl-cyclobutane-3-

carboxylic acid;

(1a,2p,3P,4a)-1.2-Di(N-propyl-N-(4-phenoxyben2yl)-

aminocarbonyl)-4-(3-carboxypropionyiamino)cyclobutane-

3-carboxylic acid;

(1 a,2p.3p,4a)-1 ,2-Di(N-propyl-N-(4-phenoxyben2yl)-

aminocarbonyl)-4-( 1 -carboxy-1

-

hydroxymethyl)cyclobutane-3-carboxylic acid;

(1a.2p,3p,4a)-1,2-Di(N-propyl-N-(4-phenoxyben2yl)-

aminocarbonyl)cyclobutane-3-(N-(5-

tetra2olyl))carboxamide-4-carboxylic acid;

(1a.2p,3p,4a)-4-(Carboxy)methyl)-1.2-di(N-propyl-N-(4-

plienoxyben2yl)aminocarbonyl)cyclobutane-3-carboxylic

acid; and
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(1a,2p,3P,4a)-1,2-Di(-N-propyl-N-(4-phenoxyben2yl).

aminocarbonyl)cyclobutane-3,4-diacetic acid;

35

or a pharmaceutically acceptable salt thereof.

18. A pharmaceutical composition for inhibiting squalene

synthetase comprising a therapeutically effective amount of a

compound according to Claim 1 and a pharmaceutically

acceptable carrier.

19. A pharmaceutical composition for inhibiting squalene

synthetase comprising a therapeutically effective amount of a

compound according to Claim 9 and a pharmaceutically

acceptable carrier.

20. A method for inhibiting cholesterol biosynthesis in a human

or lower mammal in need of such treatment comprising

administering a therapeutically effective amount of a compound

according to Claim 1.

21. A method for inhibiting cholesterol biosynthesis in a human

or lower mammal in need of such treatment comprising

administering a therapeutically effective amount of a compound

according to Claim 9.

22. A method of treating hyperlipidaemia or atherosclerosis

comprising administering to a mammal in need of such treatment

a therapeutically effective amount of a compound as defined by

Claim 1.
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23. A method of treating hyperlipidaemla or atherosclerosis

comprising administering to a mammal in need of such treatment
a therapeutically effective amount of a compound as defined by
Claim 9.

24. A method of treating a fungal infection comprising

administering to a mammal In need of such treatment a
therapeutically effective amount of a compound as defined by
Claim 1.

25. A method of treating a fungal infection comprising
administering to a mammal in need of such treatment a
therapeutically effective amount of a compound as defined by
Claim 9.
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